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INTRODUCTION TO TRARCMODELCONTENFRAMEWORKS
FORMATHEMATICS

Purposeof the Model Content Framework$or Mathematics

As part of its proposal to the U.S. Department of Education, the Partnership for Assessment of Readiness
for College and Careers (PARCC) committed to develomidgl content frameworks formathematics

to serve as a bridge between the Common Core State Standards and the PARCC asseB#REIEs.
developed the Model Content Frameworks to help:

1 Informdevelopment of item specifications and blueprints for the PARCC assessmehts, an
1 Support implementation of the Common Core State Standards

The PARCC Model Content Frameworks were developed through aletagrocessthat included
mathematics content experts in PARCC member states madhbers of the Common Core State
Standards writig team.Although the primary purpose of the Model Content Frameworks @owide a
frame for the PARCC assessments, they aB® voluntary resources to help educators and those
developing curriculand instructional materialdJsers are advised to hawecopy of the Common Core
State Standards available for use in conjunction with the Model Content Frameworks.

Connections tahe PARC@ssessment

The PARCC Assessment Sysiglinbe designed to measurtie knowledge, skillsand understanding

essential to achieving college and career readindss mathematics, this includes conceptual
understanding, procedural skill and fluency, and application and problem solving, as defined by the
standards Each of these works in conjunction with the othér2 LINRY2 (S addzZRSydaqQ |
mathematics. To measure the full range of the standards, the assessments will include tasks that require
students to connect mathematical content and mathematical practices.

The Model Content Frameworkdor Mathematics reflect these priorities by providing detailed
information about selected practice standards, fluencies, connectiand content emphasesThese
emphases will be reflected in the PARCC Assessment System.

The Model Content Frameworks do not contain a sstgg scope and sequence by quarteRather,
they provide examples of key content dependencies (where one concept ought to come before
another), key instructional emphases, opportunities fedapth work on key conceptand connections
to critical practces. These last two components, in particular, intend to support local and state efforts to
deliver instruction that connects content and practicedile achievingd KS a il yRI NRaQ o1l
conceptual understanding, procedural skill and fluency, and agifgit.

! TheModel Content Frameworks, from gradetBough grade 1lalign with the PARC&sessmengystem for those grades.
PARCC is exploring the possibility of developing a companion document for giades K
2 Seehttp:/ftinyurl.com/PARCCletter62411 for more information.
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Overall,the PARCC saessmentSystem will include a mix ofitems, including short- and extended
response items, performandeasedtasks and technologyenhanceditems? In mathematicsthe items
will be designed to elicit evidence of whether studecan:

1 Solve problems involving the Major work of the grade with connections to the practice
standards;

1 Solve problems involving the Additional and Supporting work of the grade with connections to
the practice standards;

1 Express mathematical reasoningdmnstructional mathematical arguments and critiques;

1 Solve realvorld problems by engaging particularly in the modeling practice; and

1 Demonstrate fluency in the areas set for in the content standards for Gradés 3

Questions askedill measure student learning within and across various mathematical domains and
practices. The questions wiltover the full range of mathematics, including conceptual
understanding, procedural fluencyand the varieties of expertise described by the practice
standards Mathematical understanding, procedural skidhd the ability to apply what one knows

are equally important and can be assessed using mathematical tasks of sufficient richness, which
PARCC will include in its assessment system.

It is critical that all students are able to demonstrate mastery of the skills and knowledge described in
the standards PARCC recognizes the importance of equity, acaed$airness in its assessments and
aligned materialsTo help meet these goals, PARCC will work igtAccessibility, Accommodations and
Fairness Technical Working Group a group of national experts throughout the development
process to ensur¢hat the learning expaence of all students is aligned to the high expectations of the
standards.

Structure of the Model Content Framewogor Mathematics

The Model Content Frameworkor Mathematics for each gradis written with the expectation that

students develop contenknowledge, conceptual understandiragnd expertise with the Standards for
Mathematical PracticeA detailed description of all features of th&andards would be gnificantly

lengthier and denge For that reason, the analyses given hare intended to bevaluable starting

points. The Model Content Framework&r Mathematicsprovide guidance for grades-8 and high

schoolin the followingareas:

1 Examples of key advances from the previous grade

9 Fluency expectatiorsr examples of culminating standards

1 Exanples of major withirgrade dependencies

1 Examples of opportunities for connections among standards, clustdmnaing

1 Examples of opportunities for-gepth focus

1 Examples of opportunities for connecting mathematical content and mathematical practices

and

% Additional PARCC procurement documents, including the Item Specifications, will provide significantly greater detail about
item types and how they will elicit evidence of student mastery of the@on Core State Standards in Mathematics.


http://www.parcconline.org/accessibility-accommodations-fairness-twg
http://www.parcconline.org/accessibility-accommodations-fairness-twg
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Descriptions of each element are provided d@radeby-Grade Standards Analysésy & NB RdzOG A 2 Y
starting on page 12

1 Content emphases by cluster

Principles Regarding the Common Core State Standards for Mathematics

Focus and Coherence

The two major emencebased principle®n whichthe standardsare basedare focusand coherence
Focusis necessary so that students have sufficient time to think, praciicdintegrate new ideas into

their growing knowledge structure. Focus is also a way to allow time for the kinds of rich classroom
discussion and interaction that support tiandards foMathematical Practice.

The second principleoherence arises from m#hematical connections. Some of the connections in the
standards knit topics together at a single grade level (such as area models and multiplication in grade 3).
Most connections, however, play out across two or more grade levels to form a progression of
increasing knowledge, skitir sophistication. Thatandards are woven of these progressions. Likewise,
instruction at any given gradeould benefit frombeing informed by a sense of the overall progression
students are following across the grades.

Anothe set of connections is found between the content standards and the practice standards. These
O2yySOiAz2ya IINB loazfdziSte SaaSyaAalf G2 adzJ2 NI
understanding. To refle¢the standards, the Model Content Framerksemphasize that mathematics is

not a checklist of fragments to be mastered, but that doing and using mathematics incolmescting
contentand practices.

Focus is critical to ensure that students learn the most important content completely, réther
succumb to an overly broad survey of contefoherence is critical to ensure that students see
mathematics as a logically progressing discipline, which has intricate connections among its various
domains and requires a sustained practice to magtecus shifts over time, as seen in the following:

1 In grades K, the focus is on the addition, subtraction, multiplicati@and division of whole
numbers fractions and decimals with a balance of concepts, skjlland problem solving.
Arithmetic is viewedas an important set of skills and also as a thinking subject that, done
thoughtfully, prepares students for algebra. Measurement and geometry develop alongside
number and operations and are tied specifically to arithmetic along the way.

1 In middle school,multiplication and division develop into powerful forms of ratio and
proportional reasoning. The properties of operations take on prominence as arithmetic matures
into algebra. The theme of quantitative relationships also becomes explicit in grafles 6
developing into the formal notion of a function by grade 8. Meanwhile, the foundations of high
school deductive geometry are laid in the middle grades. Finally, the gradual development of
data representations irgradesK-5 leads to statistics in middle scHodhe study of shape,
center, and spread of data distributiongossible associations between two variahlasd the
use of sampling in making statistical decisions.

1 In high school, algebra, functions, geometgnd statistics develop with an emphasis on
modeling. Students continue to take a thinking approach to algebra, learning to see and make
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use of structure in algebraic expressions of growing complexity. As this description suggests,
mathematical content in aljrades is best approached in the ways envisioned by the Standards
for Mathematical Practice.

The standards focus on crucial material so that students can have more time to discuss, reflect upon
and practice it. The standards treat mathematics as a cohesetbject to promote the sensmaking

that fuels mastery. The principles of focus and coherence are the twin engines that must be carried
forward in implementation efforts and substantiated in curricula and assessments.

Connecting Content and Practices
The Standards for Mathematical Content and Standards for Mathematical Practice are meant to be
connected, as noted in the Common Core State Standards for Mathematgps3()p

Designers of curricula, assessments, and professional development shouldnalltattee need to
connect the mathematical practices to mathematical content in mathematics instruction.

The wordconnectin this passage is important. Separating the practices from the content is not helpful
and is not what the standards require. The giees do not exist in isolation; the vehicle for engaging in
the practices is mathematical content.

The Standards for Mathematical Practice should be embedded in classroom instruction, discassions
activities.They describe the kind of mathematics thatg and learning to be fostered in the classroom

To promote such an environment, students should have opportunities to work on carefully designed
standardsbased mathematical tasks that can vary in difficulty, contard type. Carefully designed

standadso  aSR YIFGKSYI GAOI f GFrala oAff NE S| f aidzRSy
mathematical practices. Mathematical tasks are an important opportunity to connect content and
practices. To be consistent with the standards as a whole, assessamsentell as curriculum and

classroom activities must include a balance of mathematical tasks that provide opportunities for
students to develop the kinds of expertise described in the pracfices.

Higher Expectations: Conceptual Understanding, Flueaiegt Application

The standards are a rigorous set of expectations. According to these standards, it is not enough for
students to learn procedures by rote. Nan the otherhandA & A G Sy 2dzZZK F2NJ alddzRSy
GKS 02y OSLIiaé¢ g A (ykienzd sobvéproflams.INorf fiSallyiii®it enoudhlfor students

to learn the important procedures of mathematics without attaining skill and fluency in them.

Conceptual understanding. number of individual content standards use the wardlerstandn
connection with important mathematical concepts. As the standards statgg),

There is a world of difference between a student who can summon a mnemonic device to expand a
product such as (a + b)(x + y) and a student who can explain where the moeaoimes from. The
student who can explain the rule understands the mathematics, and may have a better chance to
succeed at a less familiar task such as expanding (a + b + ¢c)(x + y).

Conceptual understanding will be assessed using both short tasks afodnpencebased tasks as part

*To align with strong instruction, PARCC assessments will include several types of tasks. The task types will alloatifam integr
of the contentand practicestandards Task types will include shorter items alwhger, constructed itemswhich will vary in
technical difficulty.
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2F t!lw//Qa O02YYAGYSyid G2 YSIadNB GKS TFdAt NIy3as 2

Procedural skill and fluencis the standards stateggen 0 = G O2y OSLJidzt £ dzy RSNE G| y
a1 Attt I NB Sl dz faf various §fade sl spdtificéconteri si@ndards use the word

fluently.¢ KS&8 adlyRIFNRA 6Aff 0SS F3a8848R a4 LINI 27F t
the standards.

Wherever the wordfluently appears in a content standard, the word meaqnsckly andaccuratdy. It

means more or less the same as when someone is said to be fluent in a foreign language. To be fluent is
to flow: Huentisn@halting, stunbling or reversing oneselfA key aspect of fluenag this sensés that it

is not something that happens all at once in a single grade but requires attention to student
understanding along the way. It is important to ensure that sufficient practice and extra support are
provided at each grade to allow all studentsmieet the standards that call explicitly féuency.

Application One of themathematical practicess Modeling MP.4), which sets an expectation that
aidzRSyiGa oAff alFLIIXe G§KS YIGKSYIFGAOa (Kédthely2s 3
wor] LI I OS®d¢ a2RSftAYy3I Aad FdzZNIKSNI RSOSE2LISR a | 02y
linked to mathematical content standards using the star symbolsgages72 and 73f Common Core

State Standards for MathematicsFurthermore, manyndividual content standards refer explicitly to
reals 2 NI R LINPOEf SYad ¢KS FoAfAadGe G2 FLLXeE YIGKSYIFGAO
to measure the full range of the standards.

Guidance Regarding the Use of Resources in Mathematics

In the early phases oimplementation it is wise to consider the degree to whiekistingmaterials align

to the standards.¢ KA & A& 2F0GSWIRAINYIDAISEGRNRRAEaEP { dzOK SE
approached simplistically as a process of tapa&iching. lwever, it is critical to note thaindividual
content standards arearefully craftedstatementst they do not simply nametopics. Coverage of
topics is therefore not a guarantee of alignment, awleragemay even affect alignment negatively
when it is wide and/or shallow. Cluster headings often unify the standards in the cluster by
communicating their joint intent. Aligning to the standards requires taking into account the guidance to
be gained from cluster headings, gralésel introductions, indidars of opportunities for modeling or

use of an applied approach, and so forth. In the context afiudtigrade progression, alignment also
means treating the content in ways that take into account the previous stage of the progression and
anticipate the net.

Onepurposeof the Model Content Frameworks for Mathematicgdsprovide educators with guidance

on the implementation of the Common Core State Standapdsticularly with respect to the needs of

states and districts as they develop, obtagr reviee materials to meet the standard3herefore, a

number of important criteria are suggestéor reviewing existing resources for the development of

additional curricular or instructional materials if neede@ihese are presented in the form of a list that

O2dzA R &dzLJLI2 NI dadNRy3Ife FaANBSe (2 aadNRy3Ifte RAAI 3

1 Materials help students meet the indicated Standards for Mathematical Content. Matalsals
equip teachers and students to develop the varieties of expertise descriltbe iBtandards for
Mathematical Practice.

1 Materialsare mathematically correct.
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1 Materials are motivating to student§.he beauty and applied power of the subjésevident
Materialsare engaging for a diverse body of studenthis engagement exisside by side with
the practice and hard thinking that is often necessary for learning mathematics.

1 Materials reflect the standards by connecting content and practiceshile demanding
conceptual understandingrocedural skill and fluenggndapplication

Srecific aspects of achieving this balance include:

Balance otasks andactivities Activities, tasksand problems for students exhibit balance

along various dimensions. For example, some activities and taset procedural skill and

fluency alone others target conceptual understandingthers applicationand still others

skill, understanding and applicationin equal measure. Somexercises ardorief practice

exercises; others require longer chains of reasoning. Samgeabstract; othersare

contextual. WeHchosen tasks demonstrate the importance of mathematics in daily living for
d0dzRSyiazr AyOfdzZRAy3a O2yySOGAy3a G2 2GKSNJ | NB
growth and historydata and sportsandfinancial decisiomaking

Balance imow time is spentThereis time for wholeclass or group discussion and debate,
time for solitary problem solving and reflection, and time for thoughtful practice and routine
skill building.Individual problem solving and explanation of mathematical timgkmnay be
intertwined several times during a class.

Common sense in achieving balandot every task, activityor workweek has to be
balanced in these ways. It is reasonable to have phases of narrow intensity, during which
tasks, activitiesandtime are concentrated in a single mode.

T al GSNALFf&a RNI}Ig (GKS (SIFOKSNRa GGSydazy SELX AOA
to specific opportunities for teachers to foster mathematical practices in the study of that
content.

1 Materials give teachers avkable strategies for helping students who have special needs, such
as students with disabilities, English language lear@erdgifted students

1 Materials give teachers strategiém involving students in reading, writing, speakingand

listeningas necessaryo meet the mathematics standards for example, tounderstand the
meanings of specialized vocabulary, symbols, umitel expressions to support students in
attending to precision(MP.6 or to engag in mathematical discourse using both infiaal
language and precise languagectmney ideas, communicate solutiorend support arguments
(MP.3.

b2GAOS GKIG aO2@0SNY3ISe Aa y2id Ay GKS 1102085 tArado

value; they can be combined with other likesources and sqaplemented as necessary. This is better

than settling for a single mediocre resource that claims to cover all content.

Additional Resources

Members of the working group and writing team for t8®@mmon Core State Standards for Mathematics
are developing some resources to inform the development of curriculum and instruction aligned to the
standards.
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PARCC Resources

As part of item development, PARCC will be releasing sample items and assessment blueprints. These
will provide greater specificity around task types on the assessments and highlight the innovations built
into the PARCC Assessment Syst&mthe materials become available, they will bpublished for
voluntary use ahttp://parcconline.org

Progressions

Theprogressionsare being developed by members of the Common Core State Standards working group
FYR 6NARAGAY3I GSIY GKNRIdAK K Sr Mayiem@i8sNand &ducatdrif | NA T
Progressions are narratives of tlseandards that describe how student skill and understanding in a
particular domain develop from grade to grade. One of the primary uses of the progressions is to give
educators anccurriculum developers information that can help them develop materials for instruction

aligned to thestandards .http://ime.math.arizona.edu/progressions/

lllustrative Mathematics

Under the guidance of members of the working group as well as other national experts in mathematics
and mathematics educatiorfhe lllustrative Mathematics Projeuiill illustrate the range and types of
mathematical work that students will experience ife#hful implementation of the Common Core State
Standards and by publishing other tools that support implementation of tt@ndards
http://illustrativemathematics.org

Common Core Tools

Additional tools that continue to be developed are posted from time to time on
http://commoncoretools.wordpress.coma blog moderated by Dr. William McCalludistinguished
professor anchead ofmathematics at the Uniusity of Arizona ananathematicslead for theCommon
Core State Standards for Mathematics

Quality Review Rubrics

As part of its efforts to assist states with implementation of the Common Core State Standards, Achieve
has developed a number of resources. In particular, Achieve worked with Massachusetts, New York,
and Rhode Island to develouality Review Rubrics am@view processes for educators to use in
evaluating the quality of lessons and units intended to address the Common Core State Standards in
mathematics and English Language Arts/Literacy. Mathematics Rubric:
http://www.achieve.org/files/TriStateMathematicsQualityRubricFINAMay2012.pdf ELA  Rubric:
http://www.achieve org/files/TriStateELAQuality-RubricFINAIMay2012.pdf Additional Achieve
resources can be found henrattp://www.achieve.org/achievineEcommoncore

Achieve the Core

Achieve the Core is a welssitleveloped by members of the Common Core State Standards writing team
that provides instructional resources, including professional development madpiddishers criteria,

and overviews of the key shifts in mathemati¢stp://www.achievethecore.org
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GRADEBY-GRADESTANDARDANALYSEBITRODUCTION

The following pages provide insights into the standards for gr&d8sThe reader is advised to have a
copy of Common Core State Standards for Mathematwailable for use in conjunction with this
document. The Model Content Framewsnaraphrase standards and in some cases refer to them by
code only; readers will need to refer to tisandardsdocument for exact language.

Description of Components

For eachgrade, analysis is provided several categoriesthe wordsexamplesand opportunitiesin the
following categories emphasize that the analysis provided in each category is not exhaustive. For
example, there are many opportunities to connect mathematamaitent and practices in every grade,
there are many opportunities for idepth focus in every gradandso on. A comprehensive description

of these features of the standards would be hundreds of pages tmg analyses given here should be
thought of asvaluable starting points.

Examples of Key Advances from the Previous Grade
1 Highlights some of the major grade-grade steps in the progression of increasing knowledge
and skill detailed in the standards. Note that each key advance in mathematical caigent
corresponds to a widening scope of problems that students can solve. Examples of key advances
are highlighted to stress the need to treat topics in ways that take into account where students
have been in previous grades and where they will be goisgbsequent grades.

Fluency Expectationsr Examples of Culminating Standards
1 Highlights individual standards that set expectations for fluency or that represent culminating
masteries. Fluency standards are highlighted to stress the need to preuftieient supports
and opportunities for practice to help students meet these expectations. Culminating standards
are highlighted to help give a sense of where important progressions are headed.

9 Fluency is not meant to come at the expense of understanding is an outcome of a
progression of learning and sufficient thoughtful practice. It is important to provide the
conceptual building blocks that develop understanding in tandem with skill along the way to
fluency; the roots of this conceptual understangioften extend one or more grades earlier in
the standards than the grade when fluency is finally expected

Examples of Major WithirGrade Dependencies
9 Highlights cases in which a body of contawithin a given gradedepends conceptually or
logically uponanother body of contentwithin that same grade Examples of withigrade
dependencies are highlighted to stress the need to organize material coherently \iligin
grade (Because of space limitations, only examples of lamgde dependencies are des&ib
here, but coherence is important for dependencies that exist at finer grain size as well.)

Examples of Opportunities for Connectioasiong Standards, Clusters or Domains
1 Highlights opportunities for connecting content in assessments, as well as ioubwmi and
instruction. Examples of connections are highlighted to stress the need to avoid approaching the

®See theProgressiondocuments for additional information about progressions in the standards
http://ime.math.arizona.edu/progressions/.
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standards as merely a checklist.

Examples of Opportunities for {depth Focus
9 Highlights some individual standards that play an important role inctirgent at each grade.
The indicated mathematics might be given an especialtjejpth treatment, as measured, for
example, by the type of assessment items; the number of days; the quality of classroom
activities to support varied methods, reasonjngnd explanation; the amount of student
practice; and the rigor of expectations for depth of understanding or mastery of%kills.

Examples of Opportunities for Connecting Mathematical Content and Mathematical Practices
1 Provides some examples of how students nesgage in the mathematical practices as they
learn the mathematics of the gradelhese examples are provided to stress the need to connect
content and practices, as required by the standards.

9 In addition to the concrete examples provided in each grdde,following are some general
comments about connecting content and practices:

0 Connecting content and practices happens in the contextaking on problemsThe very
first Standard for Mathematical Practice is to make sense of problems and persevere in
solving them MIP.1).

o Particularly in grades-8& making sense of problembP.]) involves the pervasive use of
visual representations as tooléMP.5 for understanding and explaining computation and
problem solving with precisionMP.2, §. Problem solvingand explaining often require
looking for and making use of structur&®.?) and sometimes involve looking for and
expresing regularity in repeated reasoninyiP.8).

0 As the above point suggests, the Standards for Mathematical Practice interact and overlap
with each otherand several may be used together in solving a given problémy are not
a checklist.

Content Emphaseby Cluster
91 Describes content emphases in the standards at the cluster level for each grade. These are
provided because curriculunnstruction and assessment at each grade must reflect the focus
and emphasis of the standards.

Not all of the content in a given grade is emphasized equally in the stand@ndslist of content
standards for each grade is not a flat, ediemensional chedist; this is by desigriThere are sometimes
strong differences of emphasis even within a single dom&@ame clusters require greater emphasis
than the others based on the depth of the idedke time that they take to masterandor their
importance to titure mathematicsor the demands of college and career readinelss addition, an
intense focus on the most critical material at each grade allows depth in learning, which is carried out
through the Standards for Mathematical Practice. Without such foatiention to the practiceswould

be difficultand unrealistic, as would best practices like formative assessment

Therefore, to make relative emphases in the standards more transparent and useful, the Model Content

6 Note, however, that a standard can balividually important even though the indicated mathematics may require relatively
little teaching time.
" See theProgressiondocuments for additional examplglsttp://ime.math.arizona.edu/progressions/.
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Frameworks designate clusters &ajor, Additional and Supporting for the grade in question. As
discussed further in Appendix C, some clusters that are not major emphases in themselves are designed
to supportand strengthen areas of major emphasidiile other clusters that may not connect tightbr
explicitly to the major work of the grade would fairly be caldettiitional

To say that some things have greater emphasis is not to say that anything in the standards can safely be
neglected in instruction. Neglecting material will leave gaps inestudkill and understanding and may

leave students unprepared for the challenges of a later gratlestAndardsfigure ina mathematical
educationandtherefore will be eligible for inclusion on PARCC assesssn€ht assessments will mirror

the messagehat is communicated herdvlajor Clusterswill be a majority of the assessme&ypporting
Clusterswill be assessed through their success at supportingMagr Gusters andAdditional Qusters

will be assessed as well. The assessments will stronglyvidmre the standards strongly focus.

In addition to identifyinghe Major, Additional and Supportingustersfor each grade, suggestioase

given in each grade favays to connect the Supporting Clusters to Major Clustersof the grade Thus,
rather than suggesting even inadvertently that some material not be taught, there is direct advice for
teaching it in ways that foster greater focus and coherence.

Finally, the following are sontrecommendations for usinthe clusterlevel emphases

DoX

I Use the guidance to inform instructional decisions regarding time and other resources spent on
clusters of varying degrees emphasis

1 Allow the focus on themajor work of the graddgo open up the time and space toring the
Standards fotMathematical Practicao life in mathematics instruction through sens®aking,
reasoning, arguing and critiquing, modeling,.etc

1 Evaluate instructional materials taking the cluskevel emphases into account. The major work
of the grade must be presentedith the highest possible quality; the supporting work of the
grade should indeed support the major focus, not detract from it.

9 Set priorities for other implementation efforts taking the emphases into account, such as staff
development new curriculum deviepment, or revision of existing formative or summative
testing at the state, distri¢ior school level.

52 yXQ i

1 Negled¢ any material in the standards. (Insteadseuthe information provided to connect
Supporting Cluster® the other work of the grade.)

1 Sort clusters from Major to Supportingndthen teach them in that order. To do so would strip
the coherence of the mathematical ideas and miss the opportunity to enhance the major work
of the grade with the supporting clusters.

1 Use the cluster headings as replacement for the standards. All features of the standards
matter T from the practices to surrounding text to the particular wording of individual content
standards. Guidance is given at the cluster level as a way to talk about the content with the
necessary specificity yet without going so far into detail as to compromise the coherence of the
standards.
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Examples of Key Advances from Grade Z3xade3

1 Students in grade 3 begin to enlarteir concept of number by developing an understanding of
fractions as numbers. This work will continue in grad€s Breparing the way for work with the
complete rational number system in grades 6 and 7.

9 Students in grades-Kworked on numberplace vale; and addition and subtraction concepts,
skillsand problem solving. Beginning in grade 3, students will learn concepts, akidlproblem
solving for multiplication and division. This work will continue in gradesaB8d%, preparing the
way for workwith ratios and proportions in grades 6 and 7.

Fluency Expectationsr Examples of Culminatin§tandards

3.0A.7 Students fluently multiply and divide within 100. By the end of grade 3, they know all
products of two onedigit numbers from memory.

3.NBT.2 Students fluently add and subtract within 1000 using strategies and algorithms based on
place value, properties of operationandor the relationship between addition and
subtraction. (Although3.0A.7 and 3.NBT.2are both fluency standards, these two
stardards do not represent equal investments of time in grade 3. Note that students in
grade 2 were already adding and subtracting within 1000, just not fluently. That makes
3.NBT.2a relatively small and incremental expectation. By contrast, multiplicatich an
division are new in grade 3, and meeting the multiplication and division fluency standard
3OA7AGK dzy RSNEGFYRAY3a Aa F YIF22NJ LB2NIAZ2Y 2F

Examples of Major WithifGrade Dependencies

1 Students must begin work with multiplicati@nd division 3.0OA at or near the very start of the
year to allow time for understanding and fluency to develop. Note that area models for products
are an important part of this proces8.MD.7. Hence, work on concepts of areaNID.x6)
should likelybegin at or near the start of the year as well.

Examples of Opportunities for ConnectiomsnongStandards, Clustersr
Domains
T {GdzRSy(1&aQ 62N ¢ AJG rdldkedNth Wisliak firgfidnyhadel® B LIS & o

9 Scaled picture graphs and scaled baapiis 8.MD.3 can be a visually appealing context for
solving multiplication and division problems.
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Examples of Opportunities for lbepth Focus

3.0A3 Word problems involving equal groups, arraged measurement quantities can be used
G2 0dAfR addzRSydaQ dzyRSNEOGFIYRAY3I 2F |yR aiA
allow students to demonstrate their understanding of and skill with these operations.

3.0A7 Finding singlaligit products andrelated quotients is a required fluency for grade 3.
Reaching fluency will take much of the year for many students. These skills and the
understandings that support them are crucial; students will rely on them for years to
come as they learn to multiplynd divide withmultidigit whole numbers and to add,
subtract, multiply and divide with fractions.After multiplication and division situations
have been established, reasoning about patterns in products (e.g., products involving
factors of 5 or 9) can heglstudents remember particular products and quotierf®sactice
T and if necessary, extra suppart should continue all year for those who need it to
attain fluency.

3.NF2 Developing an understanding of fractions as numbers is essential for future wibrkhei
number system. It is critical that students at this grade are able to place fractions on a
number line diagram and understand them as a related component of their-ever
expanding number system.

3.MD.2 Continuousmeasurement quantities such as liquidlume, massand so on are an
important context for fraction arithmetic (cf4.NF.4c, 5.NF.7c, 5.NF.3n grade 3,
students begin to get a feel for continuous measurement quantities and solve whole
number problems involving such quantities.

3.MD.7 Areais a major concept within measurement, and area models must function as a support
for multiplicative reasoning in grade 3 and beyond.

Examples oDpportunitiesfor Connecting Mathematical Content and

Mathematical Practices

Mathematicalpractices should bevidentthroughout mathematics instruction and connected to all of

the content areas highlighted above, as well as all other content areas addressed at this grade level.
Mathematical tasks (short, long, scaffoldeahd unscaffolded) are an important oppamity to connect
content and practices. Some brief examples of how the content of this grade might be connected to the
practices follow.

9 Students learn and use strategies for finding products and quotients that are based on the
properties of operations; foexample, to find 4 7, they may recognize that 7 =42 and
compute 43 5+ 43 2, This is an example of seeing and making use of strudiife?. Such
reasoning processes amount to brief arguments that students may construct and critique
(MP.3.

1 Students will analyze a number of situation types for multiplication and division, including arrays
and measurement contexts. Extending their understanding of multiplication and division to
these situations requires that they make sense of problems andevere in solving them
(MP.]), look for and make use of structureMP.?) as theymodel these situations with
mathematical formgMP.4), and attend to precision IP.6 asthey distinguish different kinds of
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situations ovetime (MP.8.

Content Emphasgby Clustef

Not all of the content in a given grade is emphasized equally in the standdoase clusters require
greater emphasis than the others based on the depth of the idéeestime that they take to master
andor their importance to futuremathematicsor the demands of college and career readinelss
addition, an intense focus on the most critical material at each grade allows depth in learning, which is
carried out through the Standards for Mathematical Practice.

To say that some thingsalie greater emphasis is not to say that anything in the standards can safely be
neglected in instruction. Neglecting material will leave gaps in student skill and understanding and may
leave students unprepared for the challenges of a later gratlest&rdardsfigure ina mathematical
education and will therefore be eligible for inclusion on the PARCC assessmidntvever, the
assessments will strongly focus where the standards strongly focus.

In addition to identifyinghe Major, Additionaland Supportingdustersfor each grade, suggestioase

given following the tablen the next pagdor ways to connect the Supporting to tiMajor Clustersof

the grade.Thus, rather than suggesting even inadvertently that some material not be taught, there is
direct adrice for teaching it, in ways that foster greater focus and coherence.

® Refer to pages 314 for further explanation 6the clusterlevel emphases. Refer also to the Common Core State Standards
for Mathematics for the standards that fall within each cluster.
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Key: M Major Clustersfa Supporting Clusters = Additional Clusters

Operations and Algebraic Thinking

Represent and solve problems involving multiplication and division

Understand properties of multiplication and the relationship between multiplication and division.
Multiply and divide within 100

Solve problems involving the four operations, and identify and explain patterns in arithmetic.

Number and Operations Base Ten

Use place value understanding and properties of operations to perform mdigit arithmetic.

Number and Operations Fractions

Develop understanding of fractions as numbers.

Measurement and Data

[ ] Solve problems involving measurement and estimation of intervals of time, liquid volupreesd
masses of objects.

(| Represent and interpret data.

[ | Geometric measurement: understand concepts of area and relate area to multiplication addition.
Geametric measurement: recognize perimeter as an attribute of plane figures and distingt
between linear and area measures.

Geometry

(| Reason with shapes and their attributes.

Examples of Linking Supporting Clustéo the Major Work of the Grade

1 Represent and interpret data: Students multiply and divide to solve problems using information

presented in scaled bar graph8.MD.3. Pictographs and scaled bar graphs are a visually
appealing context for oneand two-step word problems.

Reason with shapes and their attributes: Work toward mee8@.2should be positioned in
support of area measurement and understanding of fractions.

18
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Examples of Key Advances from Gragio Grade4

1 In grade 3, students studied multiplication in terms of equal groups, aeagsrea. In grade 4,
students extend their concept of multiplication to make multiplicative comparisér®@A.1.°

1 Students in grade 4 apply and extend their understagdnfi the meanings and properties of
addition and subtraction of whole numbers to extend addition and subtraction to fractions
(4.NF.3.2°

1 Fraction equivalence is an important theme within the standards that begins in grade 3. In grade
4, students extend thie understanding of fraction equivalence to the general cép,= (n 3
a)/(n? b) (3.NF.3 4.NF.)." They apply this understanding to compare fractions in the general
case B.NF.3d 4.NF.2.

9 Students in grade 4 apply and extend their understandinghefmeanings and properties of
multiplication of whole numbers to multiply a fraction by a whole numigeNE.4.

9 Students in grade 4 begin using the four operations to solve word problems involving
measurement quantities such as liquid volume, masstime @.MD.2.

9 Students combine their understanding of the meanings and properties of multiplication and
division with their understanding of bagen units to begin to multiply and divideultidigit
numbers(4.NBT.§6; this builds on work done in grade 3, 8iINBT.3.

1 Students generalize their previous understanding of place valuenfdtidigit whole numbers
(4.NBT.£3). This supports their work imultidigit multiplication and division, carrying forward
into grade 5 when students will extend place value to decimals.

Fluency Expectationsr Examples of Culminatin§tandards

4.NBT.4 Students fluently add and subtraatultidigit whole numbers using the standard
algorithm.

Examples of Major WithifGrade Dependencies
1 StRSYydaQ ¢2N)] 4NE&R depedds toYdorhedextamt on concepts of fraction

% In an additive comparison problem (grade=?}, the underlying question iwhat amount would be added to one quég to

result in the othe? In a multiplicative comparison problem, the underlying questiowhst factor would multiply one quantity

to result in the othe?

1% This work is limited to equal denominators in grade 4 to give students more time to build their understanding of fraction
equivalencebefore adding and subtracting unlike denominators in grade 5.

! Students who can generate equivalent fractions can déseelop strategies for adding fractions with different denominators,
but this is not a requirement in grade 4.

PARCC Model Content FrameworksMathematics 19
Version 2.0 August 31, 2012revised)



PARCC

equivalence and elements of fraction arithmetic. Students express fractions with a denominator
of 10 as an equivalent fraction with a denominator of 100; comparisodecmals require that
students use similar reasoning to comparisons with fractions.

i Standard 4.MD.2 refers to using the four operations to solve word problems involving
measurement quantities such as liquid volume, mass, tiame so on. Some parts of this
standard could be met earlier in the year (such as using wihaheber multiplication to express
measurements given in a larger unit in terms of a smallerunsiee alsc4.MD.J), while others
might be met only by the end of the year (such as word problemslving addition and
subtraction of fractions or multiplication of a fraction by a whole numbesee also4.NF.3d
and4.NF.4%.

1 Standard4.MD.7 refers to word problems involving unknown angle measures. Before this
standard can be met, students must understand concepts of angle meaduv® § and,
presumably, gain some experience measuring angtedl.g. Before that can happen,
students must Ave some familiarity with the geometric terms that are used to define angles as
geometric shapesy(G.]).

Examples of Opportunities for ConnectiomsnongStandards, Clustersr

Domains
1 The work that students do with units of measuré.NMID.X;2) and with muiplication of a

A 2 4 A X

fraction by a whole number4(NF4 OFy o06S 02yySOGSR G2 (GKS
multiplication @.0A.).

9 Addition of fractions 4.NF.3 and concepts of angle measurd.NID.5a and 4.MD)7 are
connected in that a onelegree measure ia fraction of an entire rotatiomndthat adding angle
measures together is adding fractions with a denominator of 360.

Examples oDpportunitiesfor In-Depth Focus

4.NBT.5 When students work toward meeting this standard, they combine prior understanding of
multiplication with deepening understanding of the basa& system of units to express
the product of two multidigit numbers as anothemultidigit number. This work will
continue in grade 5 and culminate in fluency with the standard algorithms in grade 6.

4.NBT.6 When students work toward meeting this standard, they combine prior understanding of
multiplication and division with deepening understanding of the bsesysten of units
to find wholenumber quotients and remainders with up to fedigit dividends and one
digit divisors. This work will develop further in grade 5 and culminate in fluency with the
standard algorithms in grade 6.

4 NF.1 Extending fraction equivalee to the general case is necessary to extend arithmetic from
whole numbers to fractions and decimals.

4.NF.3 This standard represents an important step in thaltigradeprogression for addition and
subtraction of fractions. Students extend their prior damstanding of addition and
subtraction to add and subtract fractions with like denominators by thinking of adding or

X«
w»
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4.NF.4 This standard represents an important step in theultigrade progression for
multiplication anddivision of fractions. Students extend their developing understanding of
multiplication to multiply a fraction by a whole number.

subtracting so many unit fractions.

Examples oDpportunitiesfor Connecting Mathematical Content and

Mathematical Practices

Mathematicalpractices should be edént throughout mathematics instruction and connected &l of

the content areas highlighted above, as well as all other content areas addressed at this grade level.
Mathematical tasks (short, long, scaffoldeshd unscaffolded) are an importartpportunity to connect
content and practices. Some brief examples of how the content of this grade might be connected to the
practices follow.

1 When students decompose numbers into sums of multiples of f@&seunits to multiply them
(4.NBT.5, they are seimg and making use of structurtiP.?). As they illustrate and explain the
calculation by using physical or drawn models, they are modebhig.4, using appropriate
drawn tools strategicallyMP.5 and attending to precisiorMP.6 as they use basgn urits in
the appropriate places.

 To compute and interpret remainders in word problem$.JA.3, students must reason
abstractly and quantitativelyMP.2, make sense of problem#/f.1), and look for and express
regularity in repeated reasonin®P.8 as the search for the structureMP.7) in problems with
similar interpretations of remainders.

Content Emphasgby Cluster?

Not all of the content in a given grade is emphasized equally in the standaotse clusters require
greater emphasis than the othersabed on the depth of the ideathe time that they take to master
andor their importance to future mathematicer the demands of college and career readinelss
addition, an intense focus on the most critical material at each grade allows depth in learning, which is
carried out through the Standards for Mathematical Practice.

To say that some things have greater emphasis is not to say that anything iratttasts can safely be
neglected in instruction. Neglecting material will leave gaps in student skill and understanding and may
leave students unprepared for the challenges of a later gratlestandardsfigure ina mathematical
education and will therefore be eligible for inclusion on the PARCC assessmidotvever, the
assessments will strongly focus where the standards strongly focus.

In addition to identifyinghe Major, Additionaland Supportingdusters for each grade, suggestica®

given following the table on the next page foays to connect the Supporting to tiMajor Clustersof

the grade.Thus, rather than suggesting even inadvertently that some material not be taught, there is
direct advice for teaching it, in ways that fesgreater focus and coherence.

Key: M Major Clusters@a Supporting Clusters, Additional Clusters

12 Refer to pages3;14 for further explanation of the clustdievel emphases. Refer also to the Common Core State Standards
for Mathematics foithe standards that fall within each cluster.



Operations and Algebraic Thinking
[ | Use the four operations with whole numbers to solve problems.
(| Gain familiarity with factors and multiples.
Generate and analyze patterns.
Number and Operations in Base Ten
[ | Generalize place value understanding for muttigit whole numbers
[ | Use place value understanding and properties of operations to perform mdigit arithmetic.
Number andOperationst Fractions

[ | Extend understanding of fraction equivalence and ordering.

m Build fractions from unit fractions by applying and extending previous understandings of operati
on whole numbers.

[ | Understand decimal notation for fractions, andompare decimal fractions.

Measurement and Data
Solve problems involving measurement and conversion of measurements from a larger unit
smaller unit.

o Represent and interpret data

Geometric measurement: understand concepts of angle andasure angles.
Geometry

Draw and identify lines and angles, and classify shapes by properties of their lines and angles.

Examples of Linking Supporting Clustéo the Major Work of the Grade
9 Gain familiarity with factors and multiples: Work tinis cluster supports studenfswvork with
multidigit arithmetic as well as their work with fraction equivalence.

1 Represent and interpret data: The standard in this cluster requires students to use a line plot to
display measurements in fractions of a umihd to solve problems involving addition and

subtraction of fractions, connecting it directly to the Number and Operationd-ractions
clusters
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Examples of Key Advances from Gragln Grade5

1 In grade 5, students will integrate decimal fractions more fully into the place value system
(5.NBT.&4). By thinking about decimals as sums of multiples of #@seunits, students begin
to extend algorithms fomultidigit operations to decimals5(NBT.7.

1 Students use their understanding of fraction equivalence and their skill in generating equivalent
fractions as a strategy to add and subtract fractions, including fractions with unlike
denominators.

1 Students apply and extertieir previous understandingf multiplication to multiply a fraction
or whole number by a fractiorb(NF.4. They also learn the relationship between fractions and
division, allowing them to divide any whole number by any nonzero whole nhumber and express
the answer in the form of adction or mixed numbers(NF.3. And they apply and exteritieir
previous understanding of multiplication and division to divide a unit fraction by a whole
number or a whole number by a unit fractioh.

9 Students extend their grade 4 work in finding whalember quotients and remainders to the
case of twedigit divisors §.NBT. .

9 Students continue their work in geometric measurement by working with volume as an attribute
of solid figures and as a measurement quantiyMD.3;5).

9 Students build on their présus work with number lines to use two perpendicular number lines
to define a coordinate systendG.X2).

Fluency Expectationsr Examples of Culminatin§tandards
5.NBT5 Students fluently multiplynultidigit whole numbers using the standard algorithm.

Examples of Major WithifGrade Dependencies

f Understanding that in anultidigit number, a digit in one place represent$10 of what it
represents in the place to its lef6(NBT.) is an example of multiplying a quantity by a fraction
(5.NF.3.

13 Students able to multiply fractions in general can develop strategies to divide fractions in general by reasoning about the
relationship between multiplication and division. But the division of a fractionfbgction is not a requirement this grade.
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Examples of Opportunities for ConnectiomsnongStandards, Clustersr

Domains

9 The work that students do in multiplying fractions extends their understanding of the operation
of multiplication. For example, to multipg/b3 q (where g is a whole number oa fraction),

students can interpre®/ b3 g as meaning parts of a partition ofj into b equal parts 5.NF.43.
This interpretation of the product leads to a product that is less than, equai ¢peater thang
depending on whethe®p<1,8/h=21o0r&/p>1, respectivelf5.NF.5.

1 Conversions within the metric system represent an important practical application of the place
gt dzS aeadaSyo { GdzRSyanNDY) canzbeldonnected t thair kv&rid\dth dzy A ( a
place value§.NBT.L

Examples oDpportunities for In-Depth Focus

5.NBT1 The extension of the place value system from whole numbers to decimals is a major
intellectual accomplishment involving understanding and skill with fieseunits and
fractions.

5.NBT.6 The extension from ondigit divisors to twedigit divisors requires care. This is a major
milestone along the way to reaching fluency with the standard algorithm in grade 6
(6.NS.2.

5.NF2 When students meet this standard, they bring together the threads of fraction
equivalence (grdes Z5) and addition and subtraction (grade4K to fully extend
addition and subtraction to fractions.

5.NF4  When students meet this standard, they fully extend multiplication to fractions, making
division of fractions in grade 6.NS.) a near target

5.MD.5 Students work with volume as an attribute of a solid figure and as a measurement
guantity. Students also relate volume to multiplication and addition. This work begins a
progression leading to valuable skills in geometric measurement in middbelsch

Examples oDpportunitiesfor Connecting Mathematical Content and

Mathematical Practices

Mathematicalpracticesshould be evidenthroughout mathematics instruction and connected to all of

the content areas highlighted above, as well as all other content areas addressed at this grade level.
Mathematical tasks (short, long, scaffoldeshd unscaffolded) are an important opportunity to connect
content and practices. Some brief examples of how the content of this grade might be connected to the
practices follow.

1 When students break divisors and dividends into sums of multiples ottkasenits 6.NBT.8,
they are seeing and making use of struet@P.7) and attending to precisiorMP.6. Initially
for most students,multidigit division problems take time and effort, so they also require
perseveranceNIP.]) and looking for and expressing regularity in repeated reasofiti) 8.
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1 When students expln patterns in the number of zeros of the product when multiplying a
number by powers of 106(NBT.2, they have an opportunity to look for and express regularity
in repeated reasoningP.8. When they use these patterns in division, they are makingesens
of problems MP.1) and reasoning abstractly and quantitativelyH.2).

1 When students show that the volume of a right rectangular prism is the same as would be found
by multiplying the side length&MD.5, they also have an opportunity to look for asgpress
regularity in repeated reasonindMP.8. They attend to precisionMP.6 as they use correct
length or volume units, and they use appropriate tools strategicMy.p as they understand
or make drawings to show these units.

Content Emphasgby Cluster*

Not all of the content in a given grade is emphasized equally in the standdoase clusters require
greater emphasis than the others based on the depth of the idéeestime that they take to master
andor their importance to future mathematicer the demands of college and career readinelss
addition, an intense focus on the most critical material at each grade allows depth in learning, which is
carried out through the Standards for Mathematical Practice.

To say that some things have greatenphasis is not to say that anything in the standards can safely be
neglected in instruction. Neglecting material will leave gaps in student skill and understanding and may
leave students unprepared for the challenges of a later gratlestAndardsfigure in a mathematical
education and will therefore be eligible for inclusion on the PARCC assessmidntvever, the
assessments will strongly focus where the standards strongly focus.

In addition to identifyinghe Major, Additionaland Supportingdusters fo each grade, suggestioase

given following the table on the next page foays to connect the Supporting to tiMajor Clustersof

the grade.Thus, rather than suggesting even inadvertently that some material not be taught, there is
direct advice for teahing it, in ways that foster greater focus and coherence.

14 Refer to pages3;14 for further explanation of the clustdievel emphases. Refer also to the Common Core State Standards
for Mathematics for the standards that fall within each cluster.



Key: M Major Clustersa Supporting Clusters, Additional Clusters

Operations and Algebraic Thinking
Write and interpret numerical expressions.

Analyze patterns and relationships.
Number and Operations in Base Ten

[ | Understand the place value system.

[ | Perform operations with multidigit whole numbers and with decimals to hundredths.
Number and Operations Fractions

| Use equivalent fractions as a strategy to add and subtrfections.

m Apply and extend previous understandings of multiplication and division to multiply and divi
fractions.

Measurement and Data
O Convert like measurement units within a given measurement system.

O Represent and interpret data.

m Geometric measurement: understand concepts of volume and relate volume to multiplication anc
addition.
Geometry

Graph points on the coordinate plane to solve reabrld and mathematical problems.
Classify twadimensional figures into categorielsased on their properties.

Examples of Linking Supporting Clustéo the Major Work of the Grade
1 Convert like measurement units within a given measurement system: Work in these standards
supports computation with decimals. For example, converting 5 om0.05 m involves
computation with decimals to hundredths.

1 Represent and interpret data: The standard in this cluster provides an opportunity for solving
realworld problems with operations on fractions, connecting directly to both Number and
Operationst Fractions clusters.
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Examples of Key Advances from Grdsl Grade6

T {GdzZRSY1aQ LINA2NI dzy RSNA G Yy RA Y 3, ariél ffactibng éontribiter £ € & A (
to their study of ratios, proportional relationshipsmdunit rates 6.RB.

9 Students begin using properties of operations systematically to work with variables, variable
expressionsandequations 6.EE.

1 Students extend their work wi the system of rational numbers to include using positive and
negative numbers to describe quantitie6.N|S.), extending the number line and coordinate
plane to represent rational numbers and ordered pa@NS.§, andunderstanding ordering and
absolue value of rational number®(NS.7.

1 Having worked with measurement data in previous grades, students begin to develop notions of
statistical variability, summarizing and describing distributi¢dhSR.

Fluency Expectationsr Examples of Culminatin§tandards

6.NS2 Students fluently dividemultidigit numbers using the standard algorithm. This is the
Odzf YAYFGAY3 &adGFyRINR FT2NJ aSOSNIf &@SIENBRQ 62N

6.NS3 Students fluently add, subtract, multiplsgnd divide multidigit decimals using the standard
Ff3I2NAGKY F2NJ SIOK 2L NI A2y ¢KAa Aa (GKS O
work relating to the domains oNumber and Operations in Base TeéDperations and
Algebraic Thinkinggnd Number and Operations Factions

6.NS1 Students interpret and compute quotients of fractions and solve word problems involving
division of fractions by fractions. This completes the extension of operations to fractions.

Examples of Major WithifGrade Dependencies

1 Equations of the fornpx=q (6.EE.Y are unknowractor problems; the solution will sometimes
be the quotient of a fraction by a fractiof.(\NS.)}.

1 Solving problems by writing and solving equatioB.&E.Y involves not only an appreciation of
how variabés are usedg.EE.p and what it means to solve an equatidhKE.} but also some
ability to write, read andevaluate expressions in which letters stand for numbérgI.2

1 Students must be able to place rational numbers on a number B:l¥S.J before they can
place ordered pairs of rational numbers on a coordinate pl&hbl$.3. The former standard
about ordering rational numbers is much more fundamental.

Examples of Opportunities for ConnectiomasnongStandards, Clustersr
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1 { G dzR Sy (i dtlratib2aNd proportional relationship$.RP can be combined with their
work in representing quantitative relationships between dependent and independent variables
(6.EE.®

9 Plotting rational numbers in the coordinate plané.NS.8 is part of analyng proportional
relationships §.RP.3a, 7.RP.2and will become important for studying linear equatioBsHE. 3
and graphs of function8(P.*®

1 Students use their skill in recognizing common factéris$.4 to rewrite expressions(EE. 3

1 Writing, reading, evaluatingand transforming variable expression$.EE.14) and solving
equations and inequalitie$(EE.Z8) can be combined with use of the volume formulésIwh
andV=Bh(6.G.3.

1 Working with data sets can connect to estimation and megtahputation. For example, in a
situation where there are 20 different numbers that are all between 8 and 10, one might quickly
estimate the sum of the numbers ag 20 = 180.

Examples oDpportunitiesfor In-Depth Focus

6.RRP3  When students work towaraneeting this standard, they use a range of reasoning and
representations to analyze proportional relationships.

6.NS1 This is a culminating standard for extending multiplication and division to fractions.

6.NS8 When students work with rational numbers the coordinate plane to solve problems,
they combine and consolidate elements from the other standards in this cluster.

6.EE3 By applying properties of operations to generate equivalent expressions, students use
properties of operations that they are famt A  NJ 6 A 0K FNBY LINSOA 2 dza
numberst generalizing arithmetic in the process.

6.EE7  When students write equations of the form+p = g and px=q to solve reaworld and
mathematical problems, they draw on meanings of operations that #reyfamiliar with
FNRBY LINBGA2dza 3INIRSAQ ¢g2N]J @ ¢KSe faz2 o0S3A
problems®®

% While not requiredby the standards, it might be considered valuable to expose students to time series data and to time
graphs as an appealing way to work with rational numbers in the coordinate aN8.8. For example, students could create

time graphs of temperature nasured each hour over a 2¥ur period in a place where, to ensure a strong connection to
rational numbers, temperature values might cross from positive to negative during the night and back to positive the next day
18 For example, suppose Daniel went tigitvhis grandmother, who gave him $5.50. Then he bought a book costing $9.20 and
had $2.30 left. To find how much money he had before visiting his grandmother, an algebraic approach leads to the equation
+ 5.50¢ 9.20 = 2.30. An arithmetic approach wiilit using variables at all would be to begin with 2.30, then add 9.20, then
subtract 5.50. This yields the desired answer, but students will eventually encounter problems in which arithmetic approaches
are unrealistically difficult and algebraic approachasst be used.



PARCC

Examples oDpportunitiesfor Connecting Mathematical Content and

Mathematical Practices

Mathematicalpracticesshould be evidenthroughout mathematics instruction and connected to all of

the content areas highlighted above, as well as all other content areas addressed at this grade level.
Mathematical tasks (short, long, scaffoldeshd unscaffolded) are an important opportunity to connect
content and practices. Some brief examples of how the content of this grade might be connected to the
practices follow.

1 Reading and transforming expressions involves seeing and making use of strddii@. (
Relating expressions to situations requires mgksense of problemsViP.1) and reasoning
abstractly and quantitativelyMP.2.

1 The sequence of steps in the solution of an equation is a logical argument that students can
construct and critiqueMP.3. Such arguments require looking for and making usstacture
(MP.7) and, over time, expressing regularity in repeated reasoriig. .

1 Thinking about the point (I) in a graph of a proportional relationship with unit ratevolves
reasoning abstractly and quantitatively1P.2. The graph models witmathematics MP.4) and
uses appropriate tools strategicalMP.5.

1 Area, surface areandvolume present modeling opportunitie$1P.4 and require students to
attend to precision with the types of units involvedR.6).

9 Students think with precisiorMP.6) and reason quantitativelyMP.2 when they use variables
to represent numbers and write expressions and equations to solve a probl&B.G7).

1 Working with data gives students an opportunity to use appropriate tools strategidaiysy.
For examplespreadsheets can be powerful for working with a data set with dozens or hundreds
of data points.

Content Emphasgby Clustet’

Not all of the content in a given grade is emphasized equally in the standaodse clusters require
greater emphasis than thetloers based on the depth of the ideabe time that they take to master
andor their importance to future mathematic®r the demands of college and career readindss
addition, an intense focus on the most critical material at each grade allows depth in learning, which is
carried out through the Standards for Mathematical Practice.

To say that some things have greater emphasis is not to say that anything iratitasts can safely be
neglected in instruction. Neglecting material will leave gaps in student skill and understanding and may
leave students unprepared for the challenges of a later gratlestandardsfigure ina mathematical
education and will therefore be eligible for inclusion on the PARCC assessmidotvever, the
assessments will strongly focus where the standards strongly focus.

In addition to identifyinghe Major, Additionaland Supportingdusters for each grade, suggestica®
given followingthe table on the next page faways to connect the Supporting to tiMajor Clustersof

" Refer to pages3;14 for further explanation of the clustdievel emphases. Refer also to the Common Core State Standards
for Mathematics for the standards that fall within each cluster.
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the grade.Thus, rather than suggesting even inadvertently that some material not be taught, there is
direct advice for teaching it, in ways that foster greater focus emherence.

Key: M Major Clustersa Supporting Clusters, Additional Clusters

Ratios and Proportional Reasoning

[ | Understand ratio concepts and use ratio reasoning to solve problems.
The Number System

u Apply and extend previous understandings ohultiplication and division to divide fractions by
fractions.

Compute fluently with multidigit numbers and find common factors and multiples.

| Apply and extend previous understandings of numbers to the system of rational numbers.
Expressions andquations
B Apply and extend previous understandings of arithmetic to algebraic expressions.
| Reason about and solve oneariable equations and inequalities.
[ | Represent and analyze quantitative relationships between dependent and independemiables.
Geometry
(| Solve realworld and mathematical problems involving area, surface araad volume.
Statistics and Probability
Develop understanding of statistical variability.

Summarize and describe distributions.

Examples of Linkin§upporting Clustes to the Major Work of the Grade
1 Solve realvorld and mathematical problems involving area, surface as@a volume: In this
cluster, students work on problems with areas of triangles and volumes of right rectangular
prisms which connets to work in the Expressions and Equations domain. In addition, another
standard within this cluster asks students to draw polygons in the coordinate plane, which
supports other work with the coordinate plane The Number System domain.
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Examples of Key Advances from Gragl Grade7

1

In grade 6, students learned about negative numbers and the kinds of quantities they can be
used to represent; they also learned about absolute value and orglesfrrational numbers,
including in realvorld contexts. In grade 7, students will add, subtract, mulfiplyd divide
within the system of rational numbers.

Students grow in their ability to analyze proportional relationships. They decide whether two
quartities are in a proportional relationshiy (RP.2% they work with percents, including simple
interest, percent increase and decrease, tax, markups and markdowns, gratuities and
commission, and percent errof7. RP.3, they analyze proportional relationships and solve

problems involving unit rates associated with ratios of fractions (e.g., if a person Walksle
in eachl/4 hour, the unit rate is the complex fractidfi/ v,miles per hour or 2 miles per hour)
(7.RPR1); and they analyze proportional relationships in geometric figures.(.

Students solve a variety of problems involving angle measure, area, surfaceaageslume
(7.G.46).

Fluency Expectationsr Examples of Culminatin§tandards
7.EE3  Students solvenultistep problems posed with positive and negative rational numbers in

any form (whole numbers, fractionand decimals), using tools strategically. This work is
the culmination of many progressions of learning in arithmetic, problem gplamd
mathematical practices.

7.EE4 In solving word problems leading to owariable equations of the fornpx+q =r and

p(x+q) =r, students solve the equations fluently. This will require fluency with rational
number arithmetic 7.NS.£3), as well afluency to some extent with applying properties
operations to rewrite linear expressions with rational coefficieMt&E.L

7.NS1¢2 Adding, subtracting, multiplyingand dividing rational numbers is the culmination of

numerical work with the four basioperations. The number system will continue to
develop in grade 8, expanding to become the real numbers by the introduction of
irrational numbers, and will develop further in high school, expanding to become the
complex numbers with the introduction of eginary numbers. Because there are no
specific standards for rational number arithmetic in later grades and because so much
other work in grade 7 depends on rational number arithmetic (see below), fluency with
rational number arithmetic should be the gadalgrade 7.
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Examples of Major WithifGrade Dependencies

1 Meeting standard/.EE.3n its entirety will involve using rational number arithmetit NS.£3)
and percents {.RP.3. Work leading to meeting this standard could be organized as a recurring
FOGA@GAGE GKFG GNrXrOla GKS &dddzRSyidaQ 2y3aziay3a I Ol
and percents.

9 Because rational number arithmeti¢.NS.£3) underlies the problensolving detailed irv.EE.3
as well as the solution of linear expressions and equatiérisH. &2, 4, this work should likely
begin at or near the start of the year.

1 The work leading to meeting standard€E.£4 could be divided into two phases, one cergd
on addition and subtraction (e.g., solvirg-g =r) in relation to rational number addition and
subtraction 7.NS.} and another centered on multiplication and division (e.g., solgigq=r
andp(x +q) =r) in relation to rational number multiggation and divisionq.NS.2.

Examples of Opportunities for ConnectiomsnongStandards, Clustersr

Domains
1 Students use proportional reasoning when they analyze scale drawir@gs)(

9 Students use proportional reasoning and percentages when thdgapolate from random
samples and use probability.SP.6, B

Examples oDpportunitiesfor In-Depth Focus

7.RR2  Students in grade 7 grow in their ability to recognize, represamd analyze proportional
relationships in various ways, including byngsiables, graphandequations.

7.NS3 When students work toward meeting this standard (which is closely connect@d\ts.1
and 7.NS.2, they consolidate their skill and understanding of addition, subtraction,
multiplicationanddivision of rational nurbers.

7.EE3  This is a major capstone standard for arithmetic and its applications.

7.EE4  Work toward meeting this standard builds on the work that led to mee#6igE.7and
prepares students for the work that will lead to meeti®deE.7

7.G.6 Work toward meeting this standard draws together gradest3work with geometric
measurement.

Examples oDpportunitiesfor Connecting Mathematical Content and

Mathematical Practices

Mathematicalpracticesshould be evidenthroughout mathematics instruction and connected to all of
the content areas highlighted above, as well as all other content areas addressed at this grade level.
Mathematical tasks (short, long, scaffoldeshd unscaffolded) are an important opportunity to connect
content and practices. Some brief examples of how the content of this grade might be connected to the
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1 When students compare arithmetic and algebraic solutions to the same profldti @dn they
are identifying correspondences between diént approachesMP.1).

practices follow.

f Solving an equation such as 4 x8(/2) requires students to see and make use of structure
(MP.?), temporarily viewing ¢ 1/2 as a single entity.

1 When students notice when given geometric conditions determine a unique trianglee than
one triangleor no triangle 7.G.2, they have an opportunity to construct viable arguments and
critique the reasoning of otheraviP.3. Such problems also present opportunities for using
appropriate tools strategicalyMP.5.

1 Proportional reftionships present opportunities for modelinglP.4). For example, the number
of people who live in an apartment building might be taken as proportional to the number of
stories in the building for modeling purposes.

Content Emphasgby Cluster®

Not all of the content in a given grade is emphasized equally in the standaotse clusters require
greater emphasis than the others based on the depth of the idéeestime that they take to master
andor their importance to future mathematic®r the demands of college and career readinefs
addition, an intense focus on the most critical material at each grade allows depth in learning, which is
carried out through the Standards for Mathematical Practice.

To say that some things have greater emphasisot to say that anything in the standards can safely be
neglected in instruction. Neglecting material will leave gaps in student skill and understanding and may
leave students unprepared for the challenges of a later gradlestAndardsfigure ina mahematical
education and will therefore be eligible for inclusion on the PARCC assessmidotvever, the
assessments will strongly focus where the standards strongly focus.

In addition to identifyinghe Major, Additionaland Supportingdusters for each ide, suggestionare

given following the table on the next page foanys to connect the Supporting to tiajor Clustersof

the grade.Thus, rather than suggesting even inadvertently that some material not be taught, there is
direct advice for teaching,itn ways that foster greater focus and coherence.

18 Refer to pages3;14 for further explanation of te clusterlevel emphases. Refer also to the Common Core State Standards
for Mathematics for the standards that fall within each cluster.
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Key: M Major Clustersfa SupportingClusters; = Additional Clusters

Ratios and Proportional Reasoning

[ | Analyze proportional relationships and use them to solve reabrld and mathematical problems.

The Number System

m Apply and extend previous understandings of operations with fractions to add, subtract, multaid
divide rational numbers.

Expressions and Equations

| Use properties of operations to generate equivalent expressions.

[ | Solvereal-life and mathematical problems using numerical and algebraic expressions and equatior
Geometry

Draw, construct and describe geometrical figures and describe the relationships between them.

Solve realife and mathematical problems involvingngle measure, area, surface araad volume.
Statistics and Probability

(| Use random sampling to draw inferences about a population.
Draw informal comparative inferences about two populations.

O Investigate chance processes and develop, use, endluate probability models.

Examples of Linking Supporting Clustéo the Major Work of the Grade

1 Use random sampling to draw inferences about a population: The standards in this cluster

represent opportunities to apply percentages and proportionas@ning.To make inferences
about a population, one needs to apply such reasoning to the sample and the entire population.

Investigate chance processes and develop,, asel evaluate probability models: Probability
models draw on proportional reasoning astould be connected to the major work in those
standards.

34
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Examples of Key Advances from Grad® Grade8

1 Students build on previous work with proportional relationships, unit rasesl graphing to
connect these ideas and understand that the poinsyf on a nonvertical line are the solutions
of the equationy = mx+b, where m is the slope of the line as well as the unit rate of a
proportional relationship (in the cade=0). Studens also formalize their previous work with
linear relationships by working with functions rules that assign to each input exactly one
output.

By working with equations such a&= 2 and in geometric contexts such as the Pythagorean
theorem students enlege their concept of number beyond the system of rationals to include
irrational numbers. They represent these numbers with radical expressions and approximate
these numbers with rationals.

Fluency Expectationsr Examples of Culminatin§tandards

8.EE7  Students have been working informally with enariable linear equations since as early as
kindergarten. This important line of development culminates in grade 8 with the solution
of general onevariable linear equations, including cases with infinitelyngnaolutions or
no solutions a well ascases requiring algebraic manipulation using properties of
operations. Coefficients and constants in these equations may be any rational numbers.

8.G.9 When students learn to solve problems involving volumes of condimdersandspheres
T together with their previous grade 7 work in angle measure, area, surfacezmea
volume {7.G.46) 1 they will have acquired a waealleveloped set of geometric
measurement skills. These skills, along with proportional reasofifP(and multistep
numerical problem solving’(EE.3 can be combined and used in flexible ways as part of
modeling during high school not to mention after high school for college and care€rs.

Examples of Major WithifGrade Dependencies

1 An importantdevelopment takes place in grade 8 when students make connections between
proportional relationships, lingsand linear equations §.EE second clustey. Making these
O2yySOGA2ya RSLISYRa 2y 7RRIafEEEDNbei & alD ad@gr NJ =
dependency within grade 8 itself: The anglagle criterion for triangle similarity underlies the
fact that a nonvertical line in the coordinate plane has equatjior mx+b.?® Therefore,
students must do work with congruence and similarByG.X5) before they are able to justify
the connections among proportional relationships, linesd linear equations. Hence the

19 SeedAppendix A: Lasting Achievements g8K
D gee agel2 of theProgression for Expressions and Equations:
http://commoncoretools.files.wordpress.com/2011/04/ccss_progression_ee_2011_04_25.pdf.
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indicated geometry work should likely begin at or near the very start of the¥ear.

1 Much of the work of grade 8 involves lines, linemuations and linear functions §.EE.§8;
8.F.34; 8.SP.23). Irrational numbers, radicals, the Pythagoraherorem andvolume 8.NS.%,
2; 8.EE.28.G.&9) are nonlinear in nature. Curriculum developers might choose to address
linear and nonlinear bodies of content somewhat separately. An exception, however, might be
that when addressing functions, pervasively treating linear functions as separate fromeaonl
functions might obscure the concept of functigger se There should also be sufficient
treatment of nonlinear functions to avoid giving students the misleading impression that all
functional relationships are linear (see alG®P.2a

Examples of Pportunities for ConnectionamongStandards, Clustersr

Domains

T {dzRSy 1aQ ¢2NJ] 6A0K LINELRNIA 2 ¥idineaNfinttibng &af y a4 K A LJ3
be enhanced by working with scatter plots and linear models of association in bivariate
measirement data 8.SP.¢3).

Examples oDpportunitiesfor In-Depth Focus

8.EE5 When students work toward meeting this standard, they build on gradgsvéork with
proportions and position themselves for grade 8 work with functions and the equation of
aline.

8.EE7  This is a culminating standard for solving eagiable linear equations.

8.EE8  When students work toward meeting this standard, they build on what they know about
two-variable linear equations, and they enlarge the varieties of -weald ard
mathematical problems they can solve.

8.F.2 Work toward meeting this standard repositions previous work with tables and graphs in
the new context of input/output rules.

8.G.7 The Pythagoreamheoremis useful in practical problems, relates to grddeel work in
irrational numbersand plays an important role mathematically in coordinate geometry in
high school.

Examples oDpportunitiesfor Connecting Mathematical Content and

Mathematical Practices

Mathematicalpracticesshould be evidenthroughout mathematics instruction and connected to all of

the content areas highlighted above, as well as all other content areas addressed at this grade level.
Mathematical tasks (short, long, scaffoldeshd unscaffolded) are an important opportunity to connect
content and practices. Some brief examples of how the content of this grade might be connected to the
practices follow.

“Note that theGS 2 YS (i NE  Of dza G SNJ 6! YRSNEGE YR O2yINHSyOS orged@meiiyh YA £ I NR G
a2F0 o NB¢ adzllll2 NIl & K énBtRangie©d0@ crigruaniigifies. 6 A G K 02 y 3 Nz
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1 When students convert a fraction such ¥y to a decimal, they might notice that they are
repeating the same calculations and conclubtattthe decimal repeats. Similarly, by repeatedly
checking whether points are on a line through (1, 2) with slope 3, students might abstract the

equation of the line in the formY - 2)/(x - 1) = 3. In both examples, students look for and
express regulantin repeated reasoningvP.9.

1 The Pythagoreatheorem can provide opportunities for students to construct viable arguments
and critique the reasoning of others (e.g., if a student in the class seems to be confusing the
theorem with its converseMP.3.

f Solving an equation such ax&(1/2) =x +2 requires students to see and make use of structure
(MP.7).

1 Much of the mathematics in grade 8 lends itself to modelM& @). For example, standa@lF.4
involves modeling linear relationships with functions.

1 Scientific notation §.EE.} presents opportunities for strategically using appropriate tools
(MP.5. For example, the computation (1.73.0%) (§1.73% 10°°) can be done quickly with a
calculator ly squaring 1.7&ndthen using properties of exponents to determine the exponent
of the product by inspection.

Content Emphasgby Cluster?

Not all of the content in a given grade is emphasized equally in the standaotse clusters require
greater emphasis than the others based on the depth of the idéeestime that they take to master
andor their importance to future mathematic®r the demands of college and career readindss
addition, an intense focus on the rsibcritical material at each grade allows depth in learning, which is
carried out through the Standards for Mathematical Practice.

To say that some things have greater emphasis is not to say that anything in the standards can safely be
neglected in instration. Neglecting material will leave gaps in student skill and understanding and may
leave students unprepared for the challenges of a later gratlestandardsfigure ina mathematical
education and will therefore be eligible for inclusion on the PARG@E&sessment However, the
assessments will strongly focus where the standards strongly focus.

In addition to identifyinghe Major, Additionaland Supportingdusters for each grade, suggestica®

given following the table on the next page foanys to cmnect the Supporting to thdMajor Clustersof

the grade.Thus, rather than suggesting even inadvertently that some material not be taught, there is
direct advice for teaching it, in ways that foster greater focus and coherence.

%2 Refer to pages3;14 for further explanation of the clustdievel emphases. Refer also to the Common Core State Standards
for Mathematics for the standards that fall within each cluster.
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Key: M Major Clustersfa Sipporting Clusters; = Additional Clusters

The Number System
O Know that there are numbers that are not rational, and approximate them by rational numbers.
Expressions and Equations
[ | Work with radicals and integer exponents.
[ | Understand theconnections between proportional relationships, lineend linear equations
[ | Analyze and solve linear equations and pairs of simultaneous linear equations.
Functions
| Define, evaluateand compare functions.
O Use functions to model relationshipsetween guantities.
Geometry
[ | Understand congruence and similarity using physical models, transparermiggometry software.
| Understand and apply the Pythagorean Theorem.
Solve realworld and mathematical problems involving volume af/linders, cones and spheres.
Statistics and Probability
O Investigate patterns of association in bivariate dafa.

Examples of Linking Supporting Clusteéo the Major Work of the Grade
1 Know that there are numbers that are not rational, and approxintheam by rational numbers:
Work with the number system in this grad&S.£2) is intimately related to work with radicals
(8.EE.2 and both of these may be connected to the Pythagordsrorem(8.G second cluster
as well as to volume problem8.G.9, e.g., in which a cube has known volume but unknown
edge lengths.

1 Use functions to model relationships between quantities: The work in this cluster involves
functions for modeling linear relationships and rate of change/initial value, which supports work
with proportional relationships and setting up linear equations.

1 Investigate patterns of association in bivariate data: Looking for patterns in scatterplots and
using linear models to describe data are directly connected to the work in the Expressions and
Equations clusters. Together, these represent a connection to the Standard for Mathematical
Practice, MP.4Model with mathematics.
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INTRODUCTION TO THEHSCHOOISTANDARDANALYSIS

The Standards for Mathematical Practice are common to both high semogradesk-8, but the
Standards for Mathematical Content are organized differently in high school trgaadesk-8. In
grades K3, the content standards are organized in a yearly sequence. In high school, the content
standards are organized not byarebut rather by conceptual category (Functions, Algebra, etc.).

The Model Content Frameworks provide an analysis of the high school standards usingatems
conventionssimilar to those used for the gradeg& standards analyseslowever, in high schoothe
Model Content Frameworks also includied-of-course assessment boundaries for six courses: Algebra I,
Geometry, Algebra Il and Mathematics I, Mathematics II, and MathematfésIHleach case, relative
cluster emphases (Major, Additional, and Supjpagy) are provided as are denotations regarding which
standards, or parts of standards, are eligible for assessment for aaaise % This document includes
only the Standards for Mathematical Practice as well as the-(mprStandards for Mathematical
Content.

There are two sections to thagh schoolstandardsanalysis:

1. Coursespecific analysisf the high school standards: analysfemphasis and boundaries
presented with a view toward two sequencekendof-course assessments

2. General analysisf the high school standards: analysis that is independent of any particular
organization of the standards into courses.

Please note: The reader is advised to have a co@oofmon Core State Standards for Mathematics
available for use in conjuncin with this document. The Model Content Frameworks paraphrase the
standards and in some cases refer to standardsuber orcode only; readers will need to refer to the
standardsdocument for exact language.

% The PARCC Assessment Systdinclude assessments for courses in these two pathways.
' Note that the courses outlined in the Model Content Frameworks were informed by, but are not identipedt@mus drafts
of this document and\ppendix A of the Common Core State Standards.
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HighSchoolStandards AnalysiCourseSpecific Analyses Introduction

Endof-Course High School Summariasd Standards Analysis

Thissection of thedocument is intended to summarize the high school standards to be assessed on each
PARCC endf-courseassessmentA brief analysis ohe standards in each course is also provideto
pathways are includedd-G-Alland MI-MII-MiIIlI.

For each high school pathway, the following information is provided:

9 Individual endof-course overviewsEach overview shows which standards are assemsed
given endof-course assessmeans well as relative cluster emphases

9 For each course
o0 Examples of key advances from previous grades or courses
o Discussion of Mathematical Practices in relation to course content
o0 Fluency recommendations

1 Pathwaysummary table The pathway summary table shoess overview of the standards for
three endof-course assessments.

1 Assessment limits table for standards assessed on more than oneafrzburse test.Some
high school standards are appropriate for more tloare endof-course assessment. The
assessment limits table provides information on how a standard is assessed differently on each
end-of-course assessment.

Description of Components

The wordsexamplesand opportunitiesin the following categories emphasizthat the analysis provided

in each category is not exhaustive. For example, there are many opportunities to connect mathematical
content and practices in every course, there are many opportunities fdepth focus in every grade,

and so on. A comprehens description of these features of the standards would be hundreds of pages
long. The analyses given here should be thought of as starting poiftbvays refer back to the
Common Core State Standards for Mathemdticexact language about student expectations.

Individual endof-course overviews

Each individual enrdf-course overview lists the domains, clusters, and standards assessed on a

particular endof-course test. In listing domains, domain codes from@uennon Core State Standards

for Mathematicso / / { { a0 KI @S 0688y dzaSRod C2NJ SEF YL Sz (KS
OELINB&A&AZY &¢ -OIENINafiSEettar 6f he dOd Refresénts the CCSSM category, Algebra
in this case, while the second p&t¥ G KS O2RS NBLINBaSyda GKS R2YIAY

Clusters are listed within domains. Following each cluster is a numerical list of standards enclosed in
parentheses. If a number is underlined, it will be assessed on more than ord-endrse assessment.

40 PARCC Model Content Frameworks for Mathematics
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Consistent wittgrades 38 and the PARCC assessment clairmsdto makethe relative emphases in the
standards more transparent and usefulclusters are designated d&dajor, Additional and Supporting

for the course in questiorAs roted for grades 3B, sme clusters require greater emphasis than the

others based on the depth of the ideas, the time that they take to master, and/or their importance to
future mathematics or the demands of college and career readifie8sross the two pathways, if a

cluster is designated as Major at any point in one pathway, it is also designated as Major at some point
in the other pathway.

To say that some things have greater emphasis is not to say that anything in the standasd&egahe
neglected in instruction. Neglecting material will leave gaps in student skill and understanding and may
leave students unprepared for the challenges of a later course. Al(fiostandards figure in a
mathematical education leading to collegedacareer readiness, and will therefore be eligible for

inclusion on the PARCC assessment. The assessments will mirror the message that is communicated
here: Major Clusters will be a majority of the assessment, Supporting Clusters will be assessed through
their success at supporting the Major Clustensd Additional Clusters will be assessed as well. The
assessments will strongly focus where the standards strongly focus.

Examples of Key Advances frdPneviousGrades or Courses
1 This category ighlights sone of the major steps in the progression of increasing knowledge and
skill fromyear to year Note that each key advance in mathematical content also corresponds to
a widening scope of problems that students can solve. Examples of key advances are éijhlight
to stress the need for curricula to treat topics in ways that take into account where students
have been in previous grades or courses and where they will be going in subsequent courses.

Discussion of Mathematical Practices in Relation to Course Content
9 This category ighlights some of the mathematical practices and describes how they play a role
in each courseThese examples are provided to stress the need to connect content and
practices, as required by the standards.

1 In addition to the examples praded in each course, the following are some general comments
about connecting content and practices:

0 Connecting content and practices happens in the contextaking on problems.The very
first Sandard for Mathematical Practice is to make sense @ioblems and persevere in
solving them (P 1).

0 The Standards for Mathematical Practice interact and overlap with each dthey. are not
a checklist.

0 Modeling with mathematics is a theme in all high school courses. Modeling problems in high
school centeron problems arising in everyday life, sociegnd the workplace Such
problems may draw upon mathematical content knowledge and skills articulated in the
standards prior to or during the current course. (For more informatiommmaeling in high
school, se pages 72 and 78f the Common CoretateStandards in Mathematics

Fluency Recommendations
9 The high school standards do not set explicit expectations for flueocywill the PARCC

% Refer to pages3;14 for further explanation of the clustelevel emphases.
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assessments address fluendyt fluency is important in high school mathematics. For example,
fluency in algebra can hekiudents get past the need to manage computational detailthab

they can observe structure and patterns in problems. Such fluency can also allow for smooth
progress beyond the college and career readiness threshold toward readioedsirther
study/careers in science, technology, engineeriagd mathematics (STEM) fieldBherefore,

this section makes recommendations about fluencies that can serve studetitasvthey learn

and apply mathematics. These fluencies are highlighted to stress the need for curricula to
provide sufficient supports and opportunities for practice to help students gain fluency. Fluency
is not meant to come at the expense of understangd it is an outcome of a progression of
learning and thoughtful practice. Curricula must provide the conceptual building blocks that
develop in tandem with skill along the way to fluency.

Pathway Summary Tables (Table 1 and Table 3)

Each pathway summatgble shows three endf-O2 dzZNBR S | daSaayvySyidiaQ aidl yRINR:
non-(+) high school standard, the eid-course assessment(s) assessing the standard are shown by a

dot () symbol. Shading in the pathway summary table indicates high schoundiasts that are

appropriate for more than one endf-course assessment.

CKS AYF2NXNIGAZ2Y Ay SFEOK LI dKgl & &adzYYFNE of-o0fS A4
course overviews. The pathway summary table also provides additional detail by shavighgettered
subparts of standards are assessed on which-efidourse assessment(s).

Assessment Limitsables forSandards Assessed oMore than One End-of-CourseTest (Table

2 and Table 4)

When a high school standard is appropriate for more than eng-of-coursetest in a given pathway,

the need arises to specify just how the assessment of the standard will differ for students in each
successive course. This information is provided in the assessment limits tables.

In setting such assessment limitg)e must balance the need for focus and specificity against the need

for mathematical generality and coherence. With too many limits, enduring understandings might
become artificially obscured. And yet at the same time, the road to enduring understamekig clear
ardylLrRadad 2AGK G22 FS¢ tAYAGAX GGSFOKSNBR FyR addzR
do not have sufficient guidance.

In general, the approach to striking this balance has been to set stricter limits on standdating to
procedural skilland to set less strict limits on standards relating to conceptual tsidading and
exploration. e number of standards assessed on more than onedraburse assessment has been
kept as small as seems possible, so as to keep the nuailsandards in each course from becoming
too large.
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FORALGEBRA

Algebral Overview

Numerals in parerteses designate individual content standards that are eligible for assessment in
whole or in part. Underlined numerals (e.d), indicate standards eligible for assessment on two or
more endof-course assessments. For more information, see Tables 1 afbutse emphases are
indicated by:m Major Content; o Supporting Content; Additional Content. Not all CCSSM content
standards in a listed domain or cluster are assessed.

The Real Number System {RN)
Use properties of rational and irrational numbégg)
Quantitied (N-Q)
O Reason quantitatively and use units to solve problems
2,3)
Seeing Structure in Expressions-$SE)

Mathematical Practices

1. Make sense of problems and
persevere in solving them.

2. Reason abstractly and quantitatively.

m Interpret the structure of expressions (2) 3. Construct viable arguments and
O Write expressions in equivalent forms to solve problen critique the reasoning of others.
® 4. Model with mathematics.
Arithmetic with Polynomials and Rational Expressions 5. Use appropriate tools strategically.
(A-APR) 6. Attend to precision.
H Perform arithmetic operations on polynomials (1)
) ) 7. Look for and make use of structure.
O Understand the relationship between zeros and factor.
of polynomials 8) 8. Look fo:jand express regularity in
) e repeated reasoning.
Creating Equatiors (A-CED)
H Create equations that describbeimbers or relationships
(ll 21 3| 4)
Reasoning with Equations and Inequalities-BEl)
H Understand solving equations as a process of reasoni
and explain the reasonind
H Solve equations and inequalities in one variabled]3,
Solve systems of equations @,
H Represent and solve equations and inequalities
graphically (1011, 12)
Interpreting Functions (HF)
Understand the concept of a function and use functior
. .
notation (1, 23)
Interpret functions that arise imapplications in terms of
|
the context @, 5,6)
Analyze functions using different representatiofisg,
)
Building Functions (BF)
PARCC Model Content FrameworksMathematics 43
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O Build a function that models a relationship between tw
guantities ()

Build new functions from existirfgnctions @)

Linear, Quadratic, and Exponential Modéls (~LE)
Construct and compare linear, quadratic, and
exponential models and solve problems Z13)
Interpret expressions for functions in terms of the
situation they model%)

Interpreting categorical and quantitative data ()
Summarize, represent, and interpret data on a single
count or measurement variable (1, 2, 3, 4)
Summarize, represent, and interpret data on two

a categorical and quantitative variables (5, 6)

] Interpret linearmodels (7, 8, 9)

Examples of Key Advances from Grade8K

1 Having already extended arithmetic from whole numbers to fractions (grae@sahd from
fractions to rational numbers (grade 7), students in grade 8 encountered particular irrational
numbers such aéb orp. In Algebra |, students will begin to understand the real nunsiystem
For more on the extension of number systems, saggb8 of the standards.

1 Students in middle grades worked with measurement units, including units obtained by
multiplying and dividing quantities. In Algebra |, students apply these skills in a more
sophisticated fashion to solve problems in which reasgrihout units adds insight{Q).

1 Themes beginning in middle school algebra continue and deepen during high sehealkly as
grades 6 and 7, students began to use the properties of operations to generate equivalent
expressions@.EE.37.EE.L By grade/, they began to recognize that rewriting expressions in
different forms could be useful in problem solvinQEE.2 In Algebra |, these aspects of algebra
carry forward as students continue to use properties of operations to rewrite expressions,
gainingF f dzZSy 0é FyR Sy3al 3Ay3 Ay 6KI G *%la 0SSy OFftft S

9 Students in grade 8 extended their prior understanding of proportional relationships to begin
working with functions, with an emphasis on linear functions. In Algebra I, students agilem
linear and quadratic functions. Students encounter other kinds of functions to ensure that
general principles are perceived in generality, as well as to enrich the range of quantitative
relationships considered in problems.

9 Students in grade 8 connixd their knowledge about proportional relationships, linesd
linear equations §. EE.56). In Algebra |, students solidify their understanding of the analytic
geometry of lines. They understand that in the Cartesian coordinate plane

0 The graph of anyrlear equation in two variables is a line.

% See,for exampl& G a Ay RT dz a Fogus idddigh SichodlyWathematios: Reasoning and Sense MBkitignal
Council of Teachers of Mathemati@009).
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1 As students acquire mathematical tools from their study of algebra and functions, they apply
these tools in statistical contexts (e.&ID.6. In a maleling context, they might informally fit a
guadratic function to a set of data, graphing the data and the model function on the same
coordinate axes. They alsiraw on skills they first learned in middle school to apply basic
statistics and simple probdity in a modeling context. For example, they might estimate a
measure of center or variation and use it as an input for a rough calculation.

0 Any line is the graph of a linear equation in two variables.

1 Algebra | techniques open a huge variety of word problems that can be solved that were
previously inaccessible oery complex irgradesk-8. This expands problem solving frgrades
K-8 dramatically.

Discussion of Mathematical Practices in Relation to Course Content
Two overarching practices relevant to Algebra | are:

1 Make sense of problems and persevere in solvithgm (MP.1).
1 Model with mathematics(MP.4).

Indeed, other mathematical practices in Algebra | might be seen as contributing specific elements of
these twa The intent of the following set is not to decompose the abavethematicalpractices into
component parts but rather to show how thmeathematicalpractices work together.

1 Reason abstractly and quantitativelf{MP.2) This practice standard refers to one of the
hallmarks of algebraic reasoning, the process of decontextualizationcantextualization.
Much of elementary algebra involves creating abstract algebraic models of probfe@EL,
FBHF and then transforming the models via algebraic calculati®sSSE, APR, HF to reveal
properties of the problems.

1 Use appropriate tools strategicallfMP.5. Spreadsheets, a function modeling language,
graphing toolsand many other technologies can be used strategically to gain understanding of
the ideas expressed by individual content standards and to model withenatics.

1 Attend to precision (MP.6). In algebra, the habit of using precise language is not only a
mechanism for effective communicatidit alsoa tool for understanding and solving problems.
Describing an idea precisefCED, ARE) helpsstudentsunderstand the idea in new ways.

1 Look for and make use of structuré@MP.7).For example, writing @ o ® @A Ko
vxw ok LINF OGAOS Ylye GSFOKSNAR NBFSNI G2 Fa daOK
between this expression ard + 5z + 6, leading to a factorization of the original: &(# 3) ( (%)
+ 2) A-SSE, APR.

1 Look for and express regularity in repeated reasonifigP.8).Creating equations or functions
to model situations is harder for many students than working with the tegpkxpressions. An
effective way to help students develop the skill of describing general relationships is to work
through several specific examples and then express what they are doing with algebraic
symbolism(A-CED) For example, when comparing twoffdrent text messaging plans, many
students who can compute the cost for a given number of minutes have a hard time writing
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general formulas that express the cost of each planaioy number of minutes. Constructing
these formulas can be facilitated by nhedically calculating the cost for several different input
values and then expressing the steps in the calculation, first in words and then in algebraic
symbols. Once such expressions are obtained, students can find the-drealpoint for the

two plans,graph the total cost against the number of messages ,samtl make a complete
analysis of the two plans.

Fluency Recommendations

AIG Algebra | students become fluent in solving characteristic problems involving the analytic
geometry of lines, such agriting down the equation of a line given a point and a slope.
Such fluency can support them in solving less routine mathematical problems involving
linearity, as well as in modeling linear phenomena (including modeling using systems of
linear inequalitiesn two variables).

A-APR.1 Fluency in adding, subtractingnd multiplying polynomials supports students throughout
their work in algebra, as well as in their symbolic work with functions. Manipulation can
be more mindful when it is fluent.

A-SSE.1lFluercy in transforming expressions and chunking (seeing parts of an expression as a
single object) is essential in factoring, completing the squand other mindful algebraic
calculations.



PARCMODEICONTENFRAMEWORKORMATHEMATICS
FORGEOMETRY

Geomety Overview

Numerals in parentheses designate individual content standards that are eligible for assessment in
whole or in part. Underlined numerals (e.d), indicate standards eligible for assessment on two or
more endof-course assessments. For more information, see Tables 1 and 2. Course emphases are
indicated by:m Major Content; o Supporting Content; Additional Content. Not all CCSSM content
standarddn a listed domain or cluster are assessed.

Congruence (&0)
O Experiment with transformations in the plane (1, 2, 3, -
5)

m  Understand congruence in terms of rigid motions (6, 7 1. Make sense of problems and
persevere in solving them.

Mathematical Practices

H Prove geometric theorems (9, 10, 11)

o Make geometriconstructions (12, 13) 2. Reason abstractly and quantitatively.

Similarity, Right Triangles, and Trigonometry-&RT) e C‘?tf‘Str”;: viable ar,gum?mt;a”d
H Understand similarity in terms of similarity criique the reasoning of others.
transformations (1, 2, 3) 4. Model with mathematics.
m  Prove theorems using similarity (4, 5) 5. Use appropriate tools strategically.
m  Define trigonometric ratios and solve problems involvi g attend to precision.
right triangles (6, 7, 8)
Circles (&) 7. Look for and make use of structure.
ircles
Understand and apply theorems about circles (1, 2,3) 8- LookK ftozja”d express regularity in
repeated reasoning.
Find arc lengths and areas of sectors of circles (5) P 9
Expressing Geometric Properties with EquationsGBE)
Translate between the geometric descriptiand the
equation of a conic section (1)
H Use coordinates to prove simple geometric theorems
algebraically (4, 5, 6, 7)
Geometric measurement and dimension {GMD)
Explain volume formulas and use them to solve
problems (1, 3)
Visualize relationships between twalimensional and
three-dimensional objects (4)
Modeling with Geometry (GVG)
H Apply geometric concepts in modeling situations (1, 2,
PARCC Model Content FrameworksMathematics 47
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Examples of Key Advances frdanevious Grades or Courses

 BecauseO2 y OSLJi & &dzOK | &and\tRrislatiorh BeyeXreaddin $1© grade ¢
standards mostly in the context of handa activities, and with an emphasis on geometric
intuition, high school Geometry will put equal weight on precise definitions.

1 In gades K8, students worked with a variety of geometric measures (length, area, volume,
angle, surface areaand circumference). In high school Geometry, students apply these
component skills in tandem with others in the course of modeling tasks and otlbstesuial
applications IP.4).

1 The skills that students develop in Algebra | around simplifying and transforming square roots
will be useful when solving problems that involve distance or area and that make use the
Pythagoreartheorem.

1 In grade 8, studenttearned the Pythagoreatheorem and used it to determine distances in a
coordinate system §.G.&8). In high school Geometry, students will build on their
understanding of distance in coordinate systems and draw on their growing command of
algebra to conact equations and graphs of circl€>GPE.L

I The algebraic techniques developed in Algebra | can be applied to study analytic geometry.
Geometric objects can be analyzed by the algebraic equations that give rise to them. Some basic
geometric theorems ithe Cartesian plane can be proven using algebra.

Discussion of Mathematical Practices in Relation to Course Content

1 Reason abstractly and quantitativelf{MP.2. Abstraction is used in geometry when, for
example, students use a diagram of a specific isosceles triangle as an aid to reasoallabout
isosceles triangle€s-C0O.9) Quantitative reasoning in geometry involves the real numbers in an
essential waylrrational numbers show up in work with the Pythagoredmeorem (G-SRT.8)
area formulas often depend (subtly and informally) on passing to the limit and real numbers are
an essential part of the definition of dilatiqG-SRT.1)The proper use of units can hedfudents
understand the effect of dilation on area and perimetsFQ.1)

1 Construct viable arguments and critigue the reasoning of othdMP.3. While all of high
school mathematics should work to help students see the importance and usefulness of
deducive arguments, geometry is an ideal arena for developing the skill of creating and
presenting proof§G-C0.9.10)One reason is that conjectures about geometric phenomena are
often about infinitely many cases at ontefor example everyangle inscribed im semicircle is
a right angle so that such results cannot be established by checking everyGa3e)

1 Use appropriate tools strategicallMP.5. Dynamic geometry environments can help students
look for invariants in a whole class of geometric camdions, and the constructions in such
environments can sometimes lead to an idea behind a proof of a conjecture.

1 Attend to precision(MP.6. Teachers might use the activity of creating definitions as a way to
help students see the value of precision. WHhhis is possible in every course, the activity has a
particularly visual appeal in geometry. For example, a class can build the definition of
quadrilateralo @ a0 NI AyYy3 6AGK | NRdzZAK ARSF 0aF2dzNJ aAF
rules out figires that do not fit the intuitive idea. Another place in geometry where precision is
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necessary and useful is in the refinement of conjectures so that initial conjectures that are not
correct can be salvaged two angle measures and a side length do notedeine a triangle,
but a certain configuration of these parts leads to the argitieangle theorem(G-C0O.8)

1 Look for and make use of structur@MP.7). Seeing structure in geometric configurations can
lead to insights and proofs. This often involves tneation of auxiliary lines not originally part
of a given figure. Two classic examples are the construction of a line through a vertex of a
triangle parallel to the opposite side as a way to see that the angle measures of a triangle add to
180 degreesandthe introduction of a symmetry line in an isosceles triangle to see that the base
angles are congruenfG-C0O.9,10). Another kind of hidden structure makes use of area as a
device to establish results about proportions, such as the important theoremi{amtnverse)
that a line parallel to one side of a triangle divides the other two sides proportiot@&BRT.4)

Fluency Recommendations

GSRT.5 Fluency with the triangle congruence and similarity criteria will help students
throughout their investigations of triangles, quadrilaterals, circles, parallgliand
trigonometric ratios. These criteria are necessary tools in many geometric modeling
tasks.

G-GPE.4, 5, Fluency with the use of coordinates to establish geometric results, calculagghle
and angle, and use geometric representations as a modeling tool are some of the
most valuable tools in mathematics and related fields.

GCO.12 Fluency with the use of construction tools, physical and computational, helps students
draft a model of a gemetric phenomenon and can lead to conjectures and proofs.
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Algebrall Overview

Numerals in parentheses designate individual content standards that are eligible for assessment in
whole or in part. Underlined numerals (e.d), indicate standards eligible for assessment on two or
more endof-course assessments. For more information, Sedbles 1 and 2. Course emphases are
indicated by:m Major Content; o Supporting Content; Additional Content. Not all CCSSM content
standards in a listedomain or cluster are assessed.

The Real Number System {RN)
H Extend the properties of exponents rational exponent
1,2

| 1. Make sense of problems and
Quantmes' (N-Q) persevere in solving them.

Mathematical Practices

O Reason quantitatively and use units to solve problems

2 2. Reason abstractly and quantitatively.
The Complex Number System-BN) 3. Construct viable arguments and
Perform arithmetic operations with complex numbers ( critique the reasoning of others.
2) 4. Model with mathematics.
Use c_omplex numbers in polynomial identities and 5. Use appropriate tools strategically.
equations (7) d
. . . 6. Attend to precision.
Seeing Structure in Expressions-&SE) g
m  Interpret the structure of expressiong)( 7. Look for and make use of structure.
] Write expressions in equivalent forms to solve problen 8. Look for and express regularity in

(3, 4) repeated reasoning.
Arithmetic with Polynomials and Rational Expressions
(A-APR)

m Understand the relationship between zeros and factor.

of polynomials (23)

Use polynomial identities to solve problems (4)

O Rewrite rational expressions (6)
Creating Equatiorls (A-CED)
O Create equations that describe numbers or relationshi

@

Reasoning with Equations and Inequalities-REl)

H Understand solving equations as a process of reasol
and explain the reasoning,(2)

u] Solve equations and inequalities in one varialde (
Solve systems of equationg, (7)

H Represent and solveequations and inequalities
graphically 11)

Interpreting Functions (HF)

[ Understand the concept of a function and use functi
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notation @)

H Interpret functions that arise in applications in terms
the context @, 6)

u] Analyze functions usindifferent representations{, 8,
9)

Building Functions ({BF)

m Build a function that models a relationship between tv
guantities (, 2)
Build new functions from existing functior @a)

Linear, Quadratic, and Exponential Modgls(F-LE)

O Construct and compare linear, quadratic, al
exponential models and solve problengs 4)
Interpret expressions for functions in terms of tf
situation they model%)
Trigonometric Functions (FF)
Extend the domain of trigonometric functions usitige
unit circle (1, 2)
Model periodic phenomena with trigonometric functior
(5)
Prove and apply trigonometric identities (8)
Expressing Geometric Properties with Equations- (G
GPE)

Translate between the geometric description and t
eqguation fora conic section (2)

Making Inferences and Justifying ConclusiondC$

O Understand and evaluate random processes underly
statistical experiments (1, 2)

H Make inferences and justify conclusions from sam
surveys, experiments and observatiorslidies (3, 4, 5,
6)

Conditional Probability and the Rules of Probability-(S

CP)
Understand independence and conditional probabil
and use them to interpret data (1, 2, 3, 4, 5)
Use the rules of probability to compute probabilities
compoundevents in a uniform probability model (6, 7)

PARCC Model Content FrameworksMathematics
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Examples of Key Advances frdanevious Grades or Courses

1 In Algebra |, students added, subtractexhd multiplied polynomials. In Algebra Il, students
divide polynomials with remainder, leading to the factor and remainder theorems. This is the
underpinning for much of advanced algebra, including the algebra of rational expressions.

1 Themes from middle schbalgebra continue and deepen during high school. As early as grade
6, students began thinking about solving equations as a process of reaséniif ) This
perspective continues throughout Algebra | and Algebra-RE)Z ¢ wS | a2y SR a2t gAy 3¢
role in Algebra Il because the equations students encounter can have extraneous solutions
(A-REIL2.

91 In Algebra Il, they extend the real numbers to complex numbers, and one effect is that they now
have a complete theory of quaatic equations: Every quadratic equation with complex
coefficients has (counting multiplicities) two roots in the complex numbers.

1 In grade 8, students learned the Pythagoreahrorem and used it to determine distances in a
coordinate system §.G.&8). In Geometry, students proved theorems using coordinates
(G-GPE.47). In Algebra II, students will build on their understanding of distance in coordinate
systems and draw on their growing command of algebra to connect equations and graphs of
conic sectionsd.g.,GGPE.L

1 In Geometry, students began trigonometry through a study of right triangles. In Algebra I, they
extend the three basic functions to the entire unit circle.

1 As students acquire mathematical tools from their study of algebra and functibeg, dapply
these tools in statistical contexts (e.§ID.6. In a modeling context, they might informally fit an
exponential function to a set of data, graphing the data and the model function on the same
coordinate axes.

Discussion of Mathematical Pracks in Relation to Course Content

While all of the mathematical practice standards are important in all three courses, four are especially
important in the Algebra Il course:

9 Construct viable arguments and critique the reasoning of oth@#P.3. As in geometry, there
are central questions in advanced algebra that cannot be answered definitively by checking
evidence. There are important results ab@litfunctions of a certain type the factor theorem
for polynomial functions, for example and these require general argumeni@-APRR2).
Deciding whether two functions are equal on an infinite set cannot be settled by looking at
tables or graphs; it requires arguments of a different ¢biii-.8)

9 Attend to precision(MP.6. As in the previous twoarirses, the habit of using precise language
is not only a tool for effective communicatitnut also aneans for coming to understanding. For
SEFYLX ST 6KSy Ay@SaidArdariday3a t2Fy LI ewhsgtdas AT
you owe at the end of anonth is what you owed at the start of the month, plli12 of the
@SINIe&e AyuSNBad 2y GKFG | Yiheyzdrd well aohy apath thak S Y2 y

* Seejfor exampl€ awS & 2 y § Rocys i High SErda Mathkengatics: Reasoning and Sense Mblatianal Council
of Teachers of Mathematic2009).
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will let them construct a recursively defined function for calculating loan paym@+&SE.4)

9 Look for and make use of structuf®P.?). The structure theme in Algebra | centered on seeing
and using the structure of algebraic expressions. This continues in Algebra Il, where students
delve deeper into transforming expressions in ways that revealninga The example given in
the standardg that x* ¢ y* can be seen as the difference of squaress typical of this practice.

This habit of seeing subexpressiass single entities will serve students well in areas such as
trigonometry, where, for example, the factorization ¥f¢ y* described above can be used to
show that the functions cdg ¢ sinx and codx ¢ sirfx are, in fact, equalA-SSE.2)

In addition,the standards call for attention to the structural similarities between polynomials
and integers(A-APR.1).The study of these similarities can be deepened in Algebra II: Like
integers, polynomials have a division algorithm, and division of polynomialbearsed to
understand the factor theorem, transform rational expressions, help solve equatod$actor
polynomials.

1 Look for and express regularity in repeated reasonifP.8. Algebra 1l is where students can
do a more complete analysis of sequenc@slF.3) especially arithmetic and geometric
sequences, and their associated series. Developing recursive formulas for sequences is
facilitated by the practice of abstracting regularity for how you get from one term to the next
and then giving a precisgescription of this process in algebraic symb@&8F.2) Technology
can be a useful tool here: Mosto@puter Algebra stems allow one to model recursive
function definitions in notation that is close to standard mathematical notation. And
spreadsheets m@ke natural the process of taking successive differences and running totals
(MP.5)

The same thinking finding and articulating the rhythm in calculatioms can help students
analyze mortgage payments, and the abiliiyget a closed form for a geometric series lets them
make a complete analysis of this topic. This practice is also a tool for using difference tables to
find simple functions that agree with a set of data.

Algebra Il is a course in which students can lessme technical methods for performing

algebraic calculations and transformations, but sensking is still paramoun{MP.1) For

SEFYLX S FyltelAya I SNRByQa F2NXdZ | FNRBY 3S2YSi
to the degenerate triangles. As Algebra I, the modeling practice is ubiquitous in Algebra II,
enhanced by the inclusion of exponential and logarithmic functions as modeling (}Blgl)

Computer algebra systems provide students with a tool for modeling all kinds of phenomena,
experimenting with algebraic objects (e.g., sequences of polynomials), and reducing the
computational overhead needed to investigate many classical and useful areas of algebra
(MP.5)

Fluency Recommendations
A-APR.6 This standard sets an expectation that studentt divide polynomials with remainder by
inspection in simple cases. For example, one can view the rational expressias

- —:p -

A-SSE.2 The ability to see structure in expressions and to use this structure to rewrite expressions



FIF.3

PARCC

is a key skill in everything from advanced factoring (e.g., grouping) to summing series to
the rewriting of rational expressions to examine the end behavior of teeresponding
rational function.

Fluency in translating between recursive definitions and closed forms is helpful when
dealing with many problems involving sequences and series, with applications ranging
from fitting functions to tables to problems finance.
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PARCC
Pathway Summary Table: AIG¢ All Pathway
Table 1 This table summarizes what will be assessed on PARCGf-eadrse assessments. A dot indicates that
the standard is assessed in the indicated course. Shaded standards are addressesltilamone course. Algebra
I and Il are adjacent so as to make the shading continuous, despite being generally taught a year apart.

CCSSM Standard Al All G CCSSM Standard Al All G
N-RN.1 A G-Co.1 A
2 [ N-RN.2 ] A G-C0.2 A
£ [ N-RN.3 A G-C0.3 A
3NQ1 A ] G-C0.4 A
& LN-Q.2 A A G-CO.5 A
5 L N-Q.3 A G-CO.6 A
€ [LN-CN.1 A G-CO.7 A
3 [ N-CN.2 A G-CO.8 A
N-CN.7 A G-CO.9 A
A-SSE.1 A G-C0.10 A
A-SSE.2 A A G-CO.11 A
A-SSE.3a A G-CO.12 A
A-SSE.3b A G-C0.13 A
A-SSE.3c A A G-SRT.1 A
A-SSE.4 A G-SRT.2 A
A-APR.1 A G-SRT.3 A
A-APR.2 A G-SRT.4 A
A-APR.3 A A £ G-sRT5 A
A-APR.4 A £ | G-SRT.6 A
A-APR.6 ] A ® [ G-SRT.7 A
« LACED.1 A A © [ G-srT8 A
5| A-CED.2 A G-C.1 A
S[ ACED3 A G-C.2 A
< | A-CEDA4 A ] G-C.3 A
A-REI.1 A A G-C.5 A
A-REI.2 ] A G-GPE.1 ] A
A-REL.3 A G-GPE.2 A ]
A-REl.4a A ] G-GPE.4 A
A-RELl.4b A A G-GPE.5 A
A-REL5 A G-GPE.6 A
A-REL6 A A G-GPE.7 A
A-REL7 A G-GMD.1 A
A-REI.10 A G-GMD.3 A
A-REI.11 A A G-GMD.4 A
A-REL.12 A G-MG.1 A
FIF.1 A G-MG.2 A
FIF.2 A G-MG.3 A
FIF.3 A A SID.1 A
FIF.4 A A SID.2 A
FIF.5 A SID.3 A
FIF.6 A A SID.4 A
FIF.7a A SID.5 A
FIF.7b A SID.6 A
FIF.7¢c A SID.7 A
FIF.7e A SID.8 A
FIF.8a A SID.9 A
w |_FIF.80 ] A g | sicl A
S| FIF9 A A Z [.sIc.2 A
G | FBF.1a A A T | .sIc3 A
5 | _FBE.1b A n | sic4 A
FBF.2 ] A SIC.5 A
FBF.3 A A SIC.6 A
F-BF.4a A SCP.1 A
FLE.1 A SCP.2 A
FLE.2 A A SCP.3 A
FLE.3 A SCP.4 A
FLE.4 A SCP.5 A
FLE5 A A SCP.6 A
ETF.1 A SCP.7 A
FTF.2 A
FTFE5 A
FTF.8 A
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Assessment Limits for Standards Assessed on More Than On@E@durse TestAl-G-All Pathway
Table 2 This draft table shows assessment limits for standards assessed on more than eoe@g&ddzNA S
cells in Table 1.)

i Sa i-@dzid & K6AES

CCSSMluster CCSSM Key| CCSM Standard Algebral Assessment Limits and Clarifications | Algebrall Assessment Limits and Clarifications
Reason N-Q.2 Define appropriate quantities for the purpose ¢ This standard will be assessed in Algel by| This standard will be assessed in Algebra ||
quantitatively descriptive modeling. ensuring that some modeling tasks (involvil ensuring that some modeling tasks (involvin

and use units to
solve problems

Algebra | content or securely held content fro
grades €8) require the student to create ¢
guantity of interest in the situation being
described (i.e., a quantity of interest is n
selected for the stdent by the task). For examplg
in a situation involving data, the student mig
autonomously decide that a measure of center i
key variable in a situation, and then choose
work with the mean.

Algebra Il content or securely held content fro
previous grades and courses) require the studg
to create a quantity of interest in the situatio
being described (i.e., this is not provided in tf
task). For examplén a situation involving periodid
phenomena, the student might autonomous
decide that amplitude is a key variable in
situation, and then choose to work with peg
amplitude.

Interpret the
structure of
expressions

A-SSE.2

Use the structure of an expraes to identify ways
to rewrite it. For example, see’x y* as (0&)° ¢

(V%% thus recognizing it as a difference of squal
that can be factored ag¢ ¢ y2)(¢ + y).

i) Tasks are limited to numerical expressions g
polynomial expressions in one variabl
ii) Examples: Recognize?5347 as a difference of
squares and see an opportunity to rewrite it in th]
easierto-evaluate form (5347)(53 47). See an
opportunity to rewrite &% + 9a + 14 as §+7)(@+2).

i) Tasks are limited to polynomial, rational,
exponential expressions|
i) Examples: seed ¢ y* as ¢A° ¢ (V)% thus
recognizing it as a difference of squares that d
be factored asx¢ ¢ Y)(¢ +y?). In the equationd
+ X+ 1 %= 9, see an opportunity to rewrite thq
first three terms as +1¥, thus recognizing the
equation of a circle with radius 3 and centerl(
0). Seext +4)/(¢ +3) as (¢+3) + 1)/(>¢+3), thus
recognizing an opportunity to write it as
1+1/(X +3).

Write expressions
in equivalent
forms to solve
problems

A-SSE.3c

Choose and produce an equivalent form of |
expression to reveal and explain properties of tl
quantity represented by the expression.
(c) Use the properties of exponents to transfor|
expressions for exponential functiorfsor example
the expression..15 can be rewritten agl.15"%)™

© 1.012” to reveal the approximate equivaler]
monthly interest rate if the annual rate is 15%.

i) Tasks have a rewlorld context. As described if
the standard, there is an interplay between tH
mathematical structure of the expression and tl
structure of the situation such that choosing al
producing an equivalent form of the expressig
reveals somthing about the situation.
i) Tasks are limited to exponential expressid
with integer exponents.

i) Tasks have a realorld context. As described i
the standard, there is an interplay between th
mathematical structure of the expression and t
structure of the situation such that choosing an
producing an equivalent form of the expressiq
reveals something about the situatior|
i) Tasks are limited to exponential expressio
with rational or real exponents.

Understand the
relationship
between zeros
and factors of
polynomials

A-APR.3

Identify zeros of polynomials when suitab
factorizations are available, and use the zeros
construct a rough graph of the function defined
the polynomial.

i) Tasks are limited to quadratic and cul
polynomials in waich linear and quadratic factor:
are available. For example, find the zeros of (|

2)6¢-9).

i) Tasks include quadratic, cubic, and quar
polynomials and polynomials for which factors a
not provided. For example, find the zeros &t {

1)(¢ + 1)
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CCSSMluster

CCSSM Key

CCSH Standard

Algebral Assessment Limits and Clarifications

Algebrall Assessment Limits and Clarifications

Create equations
that describe
numbers or
relationships

A-CED.1

Create equations and inequalities in one variable
and use them to solve problemisiclude equations
arising from linear and quadratic functions, and
simple rational and exponentifinctions.

i) Tasks are limited to linear or exponenti
equations with integer exponents.

i) Tasks are limited to exponential equations w
rational or real exponents.

i) Tasks have a reaforld context.

Understand A-REIL1 Explain each step in solving a simple equation| i) Tasks are limited to quadratic equations. i) Tasks are limited to simple rational or radiq
solving equations following from the equality of numbers asserted { equations.
as a process of the previous step, starting from the assumptid
reasoning and that the original equation has a solution. Constry
explain the a viable agument to justify a solution method.
reasoning
Solve equations A-REI.4b Solve quadratic equations in one variabl i) Tasks do not require students to write solutiol i) In the case of equations that have roots wi
and inequalities b) Solvequadratic equations by inspection (e.d for quadratic equations that have roots witl nonzero imaginary parts, students write the
in one variable for x*2 = 49), taking square roots, completing t| nonzero imaginary parts. However, tasks c| solutions as a + bi for real numbers a and b.
square, the quadratic formula and factoring, { require the student to recognize cases in which
appropriate to the initial form of the equation| quadratic equation hs no real solutions
Recognize when the quadratic formula giv|
complex solutions and vite them as a + bi for rea| Note, solving a quadratic equation by factorir
numbers a and b. relies on the connection between zeros and fact
of polynomials (cluster-APR.B). ClusterAPR.B i
formally assessed in A2.
Solve systems of | A-REI.6 Solve systems of linear equations exactly g i) Tasks have a reamlorld context. | i) Tasks are limited to 3x3 systems.
equations approximately (e.g., with graphs), focusing { ii) Tasks have hallmarks of modeling as
pairs of linear equations in two variables. mathematical practice (less defined tasks, more|
the modeling cycle, etc.).
Represent and A-REI11 Explain why the xoordinates of the points where i) Tasks that assess conceptual understanding i) Tasks may involve any of the function typ
solve equations the graphs of the equations y=f(x) and y=g| the indicated concept may involvany of the [ mentioned in the standard.
and inequalities intersect are the solutions of the equation f(y function types mentioned in the standard exce
graphically =g(x); find the solutions approximately, e.g., usi exponential and logarithmic functiong
technology to graph the functions, make tables | ii) Finding the solutions approximately is limited
values, or find successive approximatiomsclude | cases where f(x) and g(x) are polynomial functio
cases where f(x) and/or g(x) are linear, polynom
rational, absolute value, exponential, an
logarithmic functions.
Understand the FIF.3 Recognize that sequences are functiorl i) This standard is part of the Major work | i) This standard is Supporting work in Algebra

concept of a
function and use
function notation

sometimes defined recursively, whose domain i
subset of the integerd-or example, the Fibonact
sequence is defined nemsively by f(0) = f(1) = 1
fn+1) =f(n) +femo F2NJ y X M

Algebra | and will be assessed accordingly.

This standard should support the Major work in
BF2 for coherence.




CCSSMluster CCSSM Key| CCSM Standard Algebral Assessment Limits and Clarifications | Algebrall Assessment Limits and Clarifications
Interpret FIF.4 For a function that models a relationship betweq i) Tasks have a rewlorld context.| i) Tasks have a remlorld context
functions that two quantities, interpret key features of graph ii) Tasks are limited to linear functions, quadra| ii) Tasks may involve polynomial, exponenti
arise in and tables in terms of the quantities, and sket| functions, square root functions, cube rod logarithmic, and trigonometric  functions
applications in graphs showing key features given a verlf functions, piecewiselefined functions (including
terms of a description of the relationship.Key features| step functions and absolute value functions), a| Compare note (i) with standard FIF.7.
context include: intercem; intervals where the function i| exponential functions with domains in th
increasing, decreasing, positive, or negatiy| integers. The function types listed here are the same
relative maximums and minimums; symmetrie those listed in the Algebra Il column for standar
end behavior; and periodicity. Compare note (i) with standard -IF.7.| FIF.6 and AF.9.
The function typedisted here are the same 4d
those listed in the Algebra | column for standa
FIF.6 and AF.9.
Interpret FIF.6 Calculate and interpret the average rate of chan| i) Tasks have a realorld context.| i) Tasks have a realorld context.
functions that of a function (presented symbolically or as a tab| ii) Tasks are limited to linear functions, quadra| i) Tasks may involve polynomial, exponenti
arise in over a specified interval. Estimate the rate | functions, square root functions, cube rod logarithmic, and trigonometric  functions
applications in change from a graph. functions, piecewisalefined functions (including
terms of a step functions and absolute value functions), al The function types listed here are the same
context exponential functions with domains in th{ those listed in the Algebra Il column for standar
integers. FIF.4 and AF9.
The function types listed here are the same
those listed in the Algebra | column for standar
FIF4 and AF.9.
Analyze functions | FIF.9 Compare properties of two functions ead i) Tasks are limited to linear functions, quadra] i) Tasks may involve polynomial, exponenti
using different represented in a different way (algebraicall| functions, square root functions, cube rod logarithmic, amd trigonometric  functions.
representations graphically, numerically in tables, or by verl] functions, piecewiselefined functions (including
descriptions.)For example, given a graph of or| step functions and absadie value functions), and The function types listed here are the same
quadraticfunction and an algebraic expression f{ exponential functions with domains in th{ those listed in the Algebra Il column for standar
another, say which has the larger maximum. integers. FIF.4 and HF.6.
The function types listed here are the same
those listed in the Algebra | column for standar
FIF.4 and HF.6.
Build a function FBF.1la Write a function that describes aelationship | i) Tasks have a rewmlorld context.| i) Tasks have a remlorld context
that models a between two quantitied. | ii) Tasks are limited to linear functions, quadra| ii) Tasks may involve linear functions, quadra
relationship a) Determine an explicit expression, a recurs| functions, and exponentidlunctions with domains| functions, and exponential functions.
between two process, or steps for calculation from a context. | in the integers.
quantities
Build new FBF.3 Identify the effect on the graph of regting f(x) by| i) Identifying the effect on the graph of replacin i) Tasks may involve polynomial, exponenti

functions from

f(x) + k, k f(x),f(kx), and f(x+k) for specific value

of k (both positive and negative); find the value {

f(x) by f(x) + k, k f(x)f(kx), and f(x+k) for specifi

values ofk (both positive and negative) is limite

logarithmic, and  trigonometric  functiong
i) Tasks may involve recognizing even and (




CCSSMluster

CCSSM Key

CCSH Standard

Algebral Assessment Limits and Clarifications

Algebrall Assessment Limits and Clarifications

existing functions

k given the graphs.Experiment with cases ani
illustrate an explanation of the effects on th
graph using technologylncluderecognizing even
and odd functions from their graphs and algebrd
expressions for them.

to linear and guadratic functions]
i) Experimenting with cases and illustrating

explanation of the effects on the graph usi
technology is limited to linear functions, quadrat]
functions, square root functions, cube roq
functions, piecewiselefined functons (including
step functions and absolute value functions), ai
exponential functions with domains in th
integers.

iii) Tasks do not involve recognizing even and ¢
functions.

The function types listed in note (ii) are the sa
as those listed in theAlgebra | column for
standards HAF.4, AF.6, and #F.9.

functions.

The function types listed in note (i) are the saame
those listed in the Algebra Il column for standar
FIF.4, AHF.6, and AF.9.

Construct and FLE.2 Construct linear and exponential function{ i) Tasks are limited to cefmucting linear and| i) Tasks will include sahg multistep problems by
compare linear, including arithmetic and geometricsequences,| exponential functions in simple context (not mul§ constructing linear and exponential functions.
quadratic, and given a graph, a description of a relationship, | step).

exponential two input-output pairs (include reading these fror|

models and solve a table).

problems

Interpret FLE.5 Interpret the parameters in a linear or exponentil i) Tasks have a ealworld context.| i) Tasks have a realorld context.

expressions for
functions in terms
of the situation
they model

function in terms of a context.

i) Exponential functions are limited to those wif
domains in the integers.

ii) Tasks are limited to exponential functions wi
domains not in the integers.




PARCMODEICONTENFRAMEWORKORMATHEMATICS
FORMATHEMATICE

Mathematics| Overview

Numerals in parentheses designate individual content stand#nds are eligible for assessment in
whole or in part. Underlined numerals (e.d), indicate standards eligible for assessment on two or
more endof-course assessments. For more information, see Tables 3 and 4. Course emphases are
indicated by:m Major Catent; o Supporting Content; Additional Content. Not all CCSSM content
standards in a listed domain or cluster are assessed.

Quantitied (N-Q)

O Reason quantitatively and use units to solve probleins  pathematical Practices
2,3

Seeing Structure in Expressions-&SE)

H Interpret the structure of expressiong)(

O Write expressions in equivalent forms to solve problen

1. Make sense of problems and
persevere in solving them.

2. Reason abstractly and quantitatively.

3 3. Construct viable arguments and
Creating EquationTs (A-CED) critique the reasoning of others.
m Create equations that describe numbers or relationshi 4. Model with mathematics.

@2 3.4 5. Use appropriate tools strategically.
Reasoning with Equations and Inequalitié&-REI) 6. Attend to precision.

H Solve equations and inequalities in one variaBBle ( 7. Look for and make use of structure.

Solve systems of equations, () 8. Look for and express regularity in

H Represent and solve equations and inequalit repeated reasoning.
graphically 10,11, 12

Interpreting Functions (HF)
m Understand the concept of a function and umction
notation (1, 2,3)

H Interpret functions that arise in applications in terms
the context 4, 5, 6)

O Analyze functions using different representatio@s9)

Building Functions ({BF)

m Build a function that models a relationship betwetvo
quantities (, 2)

Linear, Quadratic, and Exponential Mod&ls(~LE)

O Construct and compare linear, quadratic, a
exponential models and solve problenis 2, 3)

O Interpret expressions for functions in terms of tf
situation they model%)

Congruence (&0)
O Experiment with transformations in the plane (1, 2, 3,
5)

[ | Understand congruence in terms of rigid motions (6,
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8)
H Prove geometric theorems (9, 10, 11)
Interpreting categorical and quantitative data (i)

O Summarizerepresent, and interpret data on a single
count or measurement variable (1, 2, 3)

Summarize, represent, and interpret data on twao
categorical and quantitative variables &,
] Interpret linear models (7, 8, 9)

Examples of Key Advances froGrades K8

9 Students build on previous work with solving linear equations and systems of linear equations in
two ways: (a)They extend to more formal solution methods, including attending to the
structure of linear expressions, and (b) they solve lineaguadties.

9 Students formalize their understanding of the definition of a functigayrticularly their
understanding of linear functions, emphasizing the structure of linear expressions. Students also
begin to workon exponential functions, comparing thero tinear functions.

1 Work with congruence and similarity motiotisat started in grades 6 progresses Students
also consider sufficient conditions for congrueméériangles

1 Work with the bivariate data and scatter plots in grade® 8 extended to wding with lines of
best fit.

Discussion of Mathematical Practices in Relation to Course Content

1 Modeling with mathematics(MP.4) should be a particular focus as students see the purpose
and meaning for working with linear and exponential equations andtioms.

9 Using appropriate tools strategicallfMP.5 is also important as students explore those models
in a variety of ways, including with technology. For example, students might be given a set of
data points and experiment with graphing a line that fite data.

1 AsMathematics kontinues to develop a foundation for more formal reasoning, students should
engage in the practice aonstructing viable arguments and critiquing the reasoning of others
(MP.3.

Fluency Recommendations

AIG High school studentshould become fluent in solving characteristic problems involving the
analytic geometry of lines, such as finding the equation of a line given a point and a slope.
This fluency can support students in solving less routine mathematical problems involving
linearity, as well as in modeling linear phenomena (including modeling using systems of
linear inequalities in two variables).

G High school students should become fluent in using geometric transformation to
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represent the relationships among geometric obgecThs fluencyprovides a powerful
tool for visualizing relationships, as well as a foundation for exploring ideas both within
geometry (e.g., symmetry) and outside of geometry (e.qg., transformations of graphs).

Students should be able to create a vistgpresentation of a data set that is useful in
understanding possible relationships among variables.
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PARCMODEICONTENFRAMEWORKORMATHEMATICS
FORMATHEMATICH

Mathematicsll Overview

Numerals in parentheses designate individual content standards that are eligible for assessment in
whole or in part. Underlined numerals (e.d), indicate standards eligible for assessment on two or
more endof-course assessments. For more information, see Tables 3 and 4. Course emphases are
indicated by:m Major Content; o Supporting Content; Additional Content. Not all CCSSM content

standards in a listed domain or cluster are assessed.

The Real Number Sgam (N-RN)
H Extend the properties of exponents to
exponents (1,2)

ration

Use properties of rational and irrational numbers (3) 1. Make sense of problems and
. persevere in solving them.
Quantltles| (N-Q) o . 2. Reason abstractly and quantitatively.
O Reason quantitatively and use units to solve problems i
) 3. Construct viable arguments and
critique the reasoning of others.
The Complex Number System-BN) ) )
Perform arithmetic operations with complex numbers 4 Model with mathematics.
(1, 2) 5. Use appropriate tools strategically.
Solve quadratic equatlons with real coefficients tF 6. Attend to precision.
have complex solutions (7)
: . . 7. Look fi d mak f structure.
Seeing Structure in Expressions-&$SE) oox forand make use of structure
m  Interpret the structure of expressiong,(2) 8. Look for and express regularity in

H Write expressions irquivalent forms to solve problems
€)

Arithmetic with Polynomials and Rational Expressiol

(A-APR)

H Perform arithmetic operations on polynomials (1)

Creating Equatiors (A-CED)

m Create equations that describe numbers or relationshi
1249

Reasoning with Equations and Inequalities-REl)

] Understand solving equations as a process of reasol
and explain the reasonind)

H Solve equations and inequalities in one variale (
Solve systems of equations)(

Interpreting Functiong~IF)
H Interpret functions that arise in applications in terms
the context @, 5, 6)

O Analyze functions using different representatior’s 8,
9

Building Functions (BF)

O Build a function that models a relationship between tv

Mathematical Practices

repeated reasoning.
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guantities ()
Build new functions from existing functior3) (
Similarity, Right Triangles, and Trigonometry-8RT)
m Understand similarity in terms of  similarit
transformations (1, 2, 3)
[ | Prove theorems using similarity (4, 5)

m Define trigonometric ratios andsolve problems
involving right triangles (6, 7, 8)

Geometric measurement and dimension {GMD)
Explain volume formulas and use them to soh
problems (1, 3)

Interpreting categorical and quantitative data (i)

O Summarize, represent, and interpret data on two
categorical and quantitative variabléd)

Conditional Probability and Rules of Probability-C3°)

Understand independence and conditional probability
and use them to interpret data (1, 2, 3, 4, 5)

Usethe rules of probability to compute probabilities of
compound events in a uniform probability model (6, 7)

Examples of Key Advances frawathematics |

9 Students extend their previous work with linear and exponential expressions, equations,
systems of equationgndinequalities to quadratic relationships.

1 A parallel extension occurs from linear and exponential functions to quadratic functions, where
students also begin to analyze functions in terms of transformations.

91 Building on their workwith transformations, students produce increasingly formal arguments
about geometric relationshipsarticularly around notions of similarity

Discussion of Mathematical Practices in Relation to Course Content

1 Modeling with mathematics(MP.4) should be a articular focus as students see the purpose
and meaning for working with quadratic equations and functions, includsigg appropriate
tools strategically(MP.5.

9 As students explore a variety of ways to represent quadratic expressions, they $hwkilfr
and make use of structuréviP.?).

91 As their ability to create and use formal mathematical arguments grows, increased emphasis is
LX F OSR 2y & dzténd doapfecisiord(MR.6\ @ welli & toconstruct viable
arguments and critique theeasoning of othergMP.3).
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Fluency Recommendations

FIS Fluency in graphing functions (including linear, quadratod exponential) and
interpreting key features of the graphs in terms of their function rules and a table of
value, as well as recogniziagelationship (including a relationship within a data set), fits
one of those classes. This forms a critical base for seeing the value and purpose of
mathematics, as well as for further study in mathematics.

A-APR.1 Fluency in adding, subtractingnd multiplying polynomials supports students throughout
their work in algebra, as well as in their symbolic work with functions. Manipulation can
be more mindful when it is fluent.

G-SRT.5 Fluency with the triangle congruence and similarity criteria wilptegtudents throughout
their investigations of triangles, quadrilaterals, circles, paralleliand trigonometric
ratios. These criteria are necessary tools in geometric modeling.



PARCMODEICONTENFRAMEWORKORMATHEMATICS

FORMATHEMATICHBI

Mathematics IlIOverview

Numerals in parentheses designate individual content standards that are eligible for assessment in
whole or in part. Underlined nuerals (e.g.l) indicate standards eligible for assessment on two or
more endof-course assessments. For more information, see Tables 3 and 4. Course emphases are
indicated by:m Major Content; o Supporting Content; Additional Content. Not all CCSSM @it

standards in a listed domain or cluster are assessed.

Quantitied (N-Q)
O Reason quantitatively and use units to solve problems

@

Mathematical Practices

Seeing Structure in Expressions-§SE) 1. Make sense of problems and
m Interpret the structure of expressiong)( BEERYEE 1) ST LS.
m  Write expressions iequivalent forms to solve problem 2. Reason abstractly and quantitatively.
@ 3. Construct viable arguments and
Arithmetic with Polynomials and Rational Expressiol critique the reasoning of others.
(A-APR) 4. Model with mathematics.
] Understand the relationship between zeros and factt 5. Use appropriate tools st rategically.
of polynomials (2, 3 .
poly ) (_ ) - 6. Attend to precision.
Use polynomial identities to solve problems (4)
. . . 7. Look for and make use of structure.
Rewrite rationakxpressions (6)
. . r‘I 8. Look for and express regularity in
Creating Equatiorts (A-CED) repeated reasoning.
H Create equations that describe numbers or relationshi
@2
Reasoning with Equations and Inequalities-REl)
H Understand solving equations as a process of reasol
and explain the reasonind,(2)
H Represent and solve equations and inequalit
graphically 11)
Interpreting Functions (HF)
] Interpret functions that arise in applications in terms
the context @, 6)
O Analyze functions using different representatio@s9)
BuildingFunctions (FBF)
Build new functions from existing functior @
Linear, Quadratic, and Exponential Mod&ls(~LE)
O Construct and compare linear, quadratic, a
exponential models and solve problems (4)
Trigonometric Functions (FF)
Extend the domain of trigonometric functions using
the unit circle (1, 2)
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Model periodic phenomena with trigonometric
functions (5)

Prove and apply trigonometric identities (8)

Congruence (&0)
O Make geometric constructions (12, 13)

Circles(GC)

Understand and apply theorems about circles (1, 2, 3)
Find arc lengths and areas of sectors of circles (5)

Expressing Geometric Properties with Equations- (G
GPE)

Translate between the geometric description and the
equation of a conisection (1, 2)

H Use coordinates to prove simple geometric theorem:
algebraically (4, 5, 6, 7)

Geometric Measurement and Dimension {GMD)

Visualize relationships between tawbimensional and
three-dimensional objects (4)
Modeling with Geometry (GVG)

H Apply geometric concepts in modeling situations (1, z
3)
Interpreting Categorical and Quantitative Data-(B)

O Summarize, represent, and interpret data on a singl
count or measurement variable (4)

Making Inferences and Justifying ConclusiqisdC)

O Understand and evaluate random processe!
underlying statistical experiments (1, 2)

H Make inferences and justify conclusions from sampl
surveys, experiments and observational studies (3, -
5, 6)

Examples of Key Advances frawathematics Il

9 Students begin to see polynomials as a system that has mathematical coherence, not just as a
set of expressions of a specific type. An analogy to the integers can be made (including
operations, factoring, etc.). Subsequently, polynomials loaextended to rational expressions,
analogous to the rational numbers.

1 The understandings that students have developed with linear, exponeatidl quadratic
functions are extended to considering a much broader range of classes of functions.

1 In statistic, students begin to look at the role of randomization in statistical design.

Discussion of Mathematical Practices in Relation to Course Content

1 Modeling with mathematics(MP.4) continues to be a particular focus as students see a broader
range of functios, includingusing appropriate tools strategicallfMP.5).
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9 Constructing viable arguments and critiquing the reasoning of oth@vt.3 continues to be a
focus, as doesttention to precision (MP.6) becausestudents are expected to provide
increasingly preise arguments.

1 As students continue to explore a range of algebraic expressions, including polynomials, they
shouldlook for and make use of structuréVP.7).

1 Finally, as students solidify the tools they need to continue their study of mathematics, s focu
on making sense of problems and persevering in solving thédMP.l) is an essential
component for their future success.

Fluency Recommendations

AlF

FBF.3

Students should look at algebraic manipulation as a meaningful enterprise, in which they
seek to understand the structure of an expression or equation and use properties to
transform it into forms that provide useful information (e.g., features of a fumetior
solutions to an equation). This perspective will help students continue to usefully apply
their mathematical knowledge in a range of situations, whether their continued study
leads them toward college or career readiness.

Seeing mathematics as adloto model realworld situations should be an underlying
perspective in everything students do, including writing algebraic expressions, creating
functions, creating geometric modeland understanding statistical relationships. This
perspective will helstudents appreciate the importance of mathematics as they continue
their study of it.

In particular, students should recognize that much of mathematics is concerned with
understanding quantities and their relationships. They should pick appropridte fam
guantities being modeled, using them as a guide to understand a situation, and be
attentive to the level of accuracy that is reported in a solution.

Sudents should understand the effects of parameter changes and be able to apply them
to create a rule modeling the function.



Pathway Summary Table: Mathematicslll
Table 3 This draft table summarizes what will be assessed on PARGE-emarse assessments. A dot indicates
that the standard is assessed in the indicated course. Shadadatds are addressed in more than one course.

CCSSM Standard M I M Il M LI CCSSM Standard M I M Il M Il
N-RN 1 A G-CO.1 A
N-RN.2 A G-CO.2 A
o s T A
£ EN-02 A A A G-CO.4 A
E 303 A G-CO.5 2
Z 9 n-eNT A G-CO.6 A
N-CN.2 A G-CO.7 A
N-CN.7 _ A G-CO.8 A
A-SSE.la A G-C0.9 A
A-SSE.1b A A _ G-C0.10 A
A-SSE.2 A A G-C0.11 A
A-SSE.3a 2 G-C0.12 A
A-SSE.3b ] A GCO13 ry
feasEke A < G-SRT.1a A
AAPR L Y G-SRT.1b A
A-APR.2 A G-SRT.2 a
A-APR.3 A G-SRT.3 A
A-APR.4 A >| G-SRT.4 A
A-APR.6 ] _ A E G-SRT5 A
£ | A-CEDL A A A S [ G-SRT6 A
8 [A-CED2 A A A ® [ G-SRT.7 A
< |LA-CED3 A _ G-SRT.8 A
A-CED.4 A A _ G-C1 A
A-REL1 A A G-C.2 A
A-REL2 ] A GC3 A
A-REL3 A - :
A-REL4a A G-C.5 a
A-REL4D A G-GPE.1 al
A-REL5 A G-GPE.2 A
A-REL6 A G-GPE.4 A
A-RELY A G-GPE.5 A
A-REL10 A ] G-GPE.6 A
A-REL11 A A G-GPE.7 A
A-REI.12 A G-GMD.1 A
EIE.1 A G-GMD.3 A
— : :
EIF.4 A A A G-MG.1 2
EIES A A G-MG.2 2
EIF.6 A A A G-MG.3 _ A
FIF.7a A A SID.1 A
FIF.7b A SID.2 A
EIF.7c A SID.3 A
EIF.7e A A SID.4 A
EIF.8a A SID5 A
FIF.8b A A A
w |FIF.9 A A A i:gﬁgﬁ A
S [ EBF.la A A SID.6c s
3 |_FBF.1b A : -
S [EBE2 A SID.7 al
“ EBE3 A A SID.8 al
FBF.4a A 9 | SID.9 A ]
ELE.la A B[ SIC.1 A
ELE.1b A & sIc.2 A
ELE.lc A 0l sic3 A
ELE.2 A SiC.4 A
FLE.4 ] A SIC6 yy
ELE.5 A . SCP.1 A
ETF.1 A ;
ETF.2 A SCP.2 A
ETES A SCP.3 A
ETE.8 A SCP.4 A
SCP.5 A
SCP.6 A
SCP.7 A
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Assessment Limits for Standards Assessed on More Than One@E@durse TestMathematicsl - Il Pathway
Table4. This draft table shows assessment limits for standards assessed on more than evle(eAddzNE S (S a (-Odzid & KYBAS HOINPRIANR &
shaded cells in Table 3.)

CCSSM Cluster| CCSSM Keyl CCSSM Standard Math(_ama}tics | Assessment Limits and Math(_ama}tics Il Assessment Limits and Matht_ema_ttics Il Assessment Limits and
Clarifications Clarifications Clarifications
Thisstandard will be assessed in Math ;hlsers]tsetjr;i(:]ardﬂ:\g ll ggrszsﬁéglmaﬂg; This standard will be assessed in Math
by ensuring that some modeling tas} (iﬁvolvin IQ\J/Iath Il content or sgcurel by ensuring that some modeling tas
(involving Math | content or securel| held con%ent from brevious arades an (involving Math Il content or securel
held content from grades -8) require courses) require thg studentg{o create held content from previous grades an
Reason the student to create a quantity of quantity of interest in the situation being courses) require the student to create
quantitatively Define appropriate| interest in the situation being describe described (i.e., a quantity of interest J quantity of interest in the situatiobeing
and use units| N-Q.2 quantities for the purpose| (i.e., a quantity of interess not selected not selected.f(.)yr the student by the task described (i.e., a quantity of interest
to solve of descriptive modeling. for the student by the task). Fo| For example, in a situation involvin not selected for the student by the task|
problems example, in a situation involving dati volume of a’ prism or pyramid, thy For example, in a situation involvin
the student might autonomously decid; student might autonomously decidt,a the periodic phenomena, the student migh
that a measure of center is a key varial] . ) .1 autonomously decide that amplitude is
in a situation, and then choose to wo the area of the base is a key variable " key variable in a situation, and the
with the mean. S|tuat|'on, ar}d then choose to work wit choose towork with peak amplitude.
that dimension tosolve the problem.
Interpret expressions that
represent a quantity in
terms of its context.
Interpret  the b) Interpret complicated| i) Tasks are limited to exponentiq . . 1
structure of | A-SSE.1b expressions by viewing on| expressions, including related numeric gx ;I:;ssl?znsare limited to - quadrat -
expressions or more of their parts as g expressions. P '
single entity. For example,
interpret P(1+r)n as the
product of P and a factol
not depending on P.
Use the structure of an i) Tasks are limited to quad_ratic an i) Tasks are limited to polynomia_l an
expression to identify ways exponential expressions, |nc|u_d|n§ !'_atlonal D exgressm?s
Interpret  the o rewite it . Forl related numerical expressiony i) Examples: seg’ ¢ y* as &)’ ¢ (Y)
structun_a of | A-SSR example see’sc yg as( XZ)Z - i) E_xam|zoles: See an opportunity { thus recognizing it as a difference
expressions C 0’ t’hus recognizing i rewrite .a + 9a + 14 as .(1+7)(a+2). squares that can be f_actored ag (C
as . a  difference  of Recognize 53- 47 as a difference of V)0 +y). In the equ§t|onx2+ X+ 1+
squares that can  be squares _and see an opportunity { f= 9, see an opportlty to rewrite the
rewrite it in the easietto-evaluate form| first three terms as »+1Yf, thus
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factored as(¢ ¢ y?)(¢ + ¥). (53+47)(53 47). recognizing the equation of a circle wif
radius 3 and center -@, 0). See
(C+4)I0¢+3) as (C+3) + 1)/(¢+3),
thus recognizing an opportunity to writg
it as 1+ 1/(¢ +3).
.Create._ equanons and ) Tasks are liéd to linear or i) Tasks.are limited to quadratl(_: an
inequalities in one variablg exponential equations with _ intege exponential equations,
Create and use them to solvd <P q 9 ii) Tasks have a reamlorld context.
: exponents. . . - . )
equations that problems. Include| iii) In simpler cases (such as exponen{ i) Tasks are limited to simple rational
. : . ii) Tasks have a rewmlorld context. ; o - .
describe A-CED.1 equations arising from .- . equations with integer exponents), task exponential equations|
; .| iii) In the linear case, tasks have more Il
numbers or linear and guadratic| . have more of the hallmarks of modelin ii) Tasks have a realorld context.
. . . . the hallmarks of modeling as . . )
relationships functions, and simple . . ) as a mathematical practice (less aefil
. .| mathematical practice (less defing| ;
rational and exponential . tasks, more of the modeling cycle, etc
. tasks, more of the modeling cycle, etc.)
functions.
i) Tasks are limited to quadrati
Create equations in two of . - . .| equations
Create . i) Tasks are limited to linear equatior| . . . . ]
- more variablego represent | ii) Tasks have a rewmlorld context. | i) Tasks are limited to simple polynomig
equations that : . ii) Tasks have a rewmlorld context. | .’ . . A .
. relationships between| .. .| iii) Tasks have the hallmarks of modelil rational, or exponential equation
describe A-CED.2 L ) iii) Tasks have the hallmarks of modelil . . N
quantities; graph equationg . . ) as a mathematical practice (less defin¢ ii) Tasks have a realorld context.
numbers or . ..| as a mathematical practice (Eslefined :
. . on coordinate axes with . tasks, more of the modeling cycle, etc
relationships tasks, more of the modeling cycle, etc.)
labels and scales
Rearrange  formulas g i) Tasks are limited to quadrati
Create highlight a quantity of . q
- . ; . - . .| equations
equations that interest, using the samgq i) Tasks are limited to linear equatior i) Tasks have a remlorld catext
describe A-CED.4 reasoning as in solvin{ ii) Tasks have a realorld context. ’ -
numbers or equations. For example
relationships NBI NN} y3IS hK
to highlight resistance R.
Understand Expla_ln each step in solvin
) a simple equation ag
solving . .
equations as a following from the equality
?ocess of| ARELL of numbers asserted at the ) i) Tasks are limited to quadrati i) Tasks are limited to simple rational
p : ’ previous step, starting fror equations. radical equations.
reasoning and ;
; the assumption that the
explain the O .
. original equation has g
reasoning

solution. Construct a viable

argument to justify a
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solution method.

Represent and
solve equations

Explain  why the x
coordinates of the points
where the graphs of the
equations y=f(kand y=g(x)
intersect are the solutiong
of the equation f(x)=g(x)]
find the solutions
approximately, e.g., using

i) Tasks that assess conceptt
understanding of the indicated concey
may involve any of the function type
mentioned in the standard excep

i) Tasks may involve any of the functi

_and - AREI11 techqology o graph th? exponential and logarithmic functis. ) types mentioned in the standard.
inequalities functions, make tables o] .. —. = . .
. ) .| i) Finding the solutions approximately
graphically values, or find successiv| .’ .
L limited to cases where f(x) and g(x) &
approximations. Include lvnomial
cases where f(x) and/or g(X polyno ’
are linear, polynomial,
rational, absolute value|
exponential, and
logarithmic functions.
For a function that models
a relationship between two
quantities, interpret key
features of graphs and i) Tasks have a realorld context.
tables in terms of the| ii) Tasks are limited to linear function;
quantities, and sketch square root functions, cube root| i) Tasks have a remlorld context. | i) Tasks &ve a reakvorld context.
Interpret - . . . . ) . - . S . .|
functions _that graphs ;howmg key fgnctlons, plecersd‘efmed functions| ii) Tasks‘ are limited to quadratl_c ar ii) T_ask_s may involve _polynqmlc
arise in featur'es_ given a verba (including stgp functions and absoIL_Jl exponential functions.| logarithmic, and trigonometric functiong
applications in FIF.4 desc_npnop of the of the valug fungtlons), ‘anq exponentig _ _ _ _
terms of the relatlonshlp. Key ‘features functions with domains in the integers The function type; ||steFi here are th The function type_s Ilstgd here are th
context include; itercepts; |nterval_s _ _ same as those listed in the Math | same as those listed in the Math
where the function is The function types listed here are tl column for standards-F~.6 and HF.9. column for standards-F~.6 and HF.9.
increasing, decreasing same as those listed in the Math
positive, or  negative; column br standards AF.6 and HF.9.
relative maximums ang
minimum; symmetries; en(
behavior; and periodicity.
Interpret Relate the domain of ¢ i) Tasks have a realorld context.| i) Tasks have a realorld context.
functions  that FIES function to its graph and, ii) Tasks are limited to linear function| )
arise in ' where applicable, to thel square root functions, cube roo| i) Tasks are limited to quadrati

applications in
terms of the

quantitative relationship it

describes. For example, if

functions, piecewisaefined functions

(including stepfunctions and absolute

functions.
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logarithmic functions,
showing intercepts and eng
behavior, and
trigonometric  functions,

showing period, midline,

context the function h(n) gives thg value functions), and exponentig
number of persoiours it | functions with domains in the integers.
takes to assemble n engine
in a factory, then the
positive integers would bg
an appropriate domain for,
the function.
i) Tasks have a rewlorld context.
i) Tasks are limited to linear function:
Calculate and interpret thg square root functions, cube roo| i) Tasks have a rewlorld context.| i) Tasks have a rewlorld context.
Interpret . . . ) . - L ) 2 . .
- average rate of change of | functions, piecewiselefined functions| ii) Tasks are limited to quadratic arl ii) Tasks may involve polynomig
functions that - - . . . . L . . -
arise in function (presented| (including step functions and absolui exponential functions.| logarithmic, and trigonometric functions
applications in FIF.6 symbolically or as a table value functions), and exponentig
teprir)ns of the or a specified interval| functions with domains in the integerd The function types listed here are th The function types listed here are th
context Estimate the rate of changg same as those listed in the M ll | same as those listed in the Math
from a graph. The function types listethere are the| column for standards-F-.4 and HAF.9. column for standard§-IF.4 and AF.9.
same as those listed in the Math
column for standards-F~.4 and HF.9.
Graph functions expresse|
symbolically and show ke]
features of the graph, by
Analyze hand in simple cases an
fqnctlons using| -5, using _technology for m?re i) Tasks are limited to linear functions. i) T_asks are limited to quadrati )
different complicated cases. functions.
representations a) Graph linear ang
quadratic functions and
show intercepts, maxima,
and minima.
Graph functions expresse|
symbolically and shovkey
features of the graph, by
hand in simple cases an
Analyze using technology for more
functions using 9 oy i i) Tasks are limited to exponenti§ i) Tasks are limited to logarithmic an
. FIF.7e complicated  cases. - : . . -
different - functions. trigonometric functions.
. e) graph exponential ang
representations
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and amplitude.

Compare properties of twg
functions each representec

i) Tasks have a realorld context.
i) Tasks are limited to linear function|

in a different way| square root functions, cube roo| i) Tasks are limited to on quadratic arff i) Tasks have a rewlorld context.
(algebraically, graphically] functions, piecewis@efined functions| exponential functions.| ii) Tasks may involve polynomig
Analyze ) ; - . . - L . . -
. . numerically in tables, or by (including step functions and absolut ii) Tasks do not have a reabrld | logarithmic, and trigonometric functiong
functions using - : -
. FIF.9 verbal descriptions.) For | value functions), and exponentig context.
different . - . L . . .
representations example, given a graph g functions with domains in the integers. The function ypes listed here are th
one quadratic function ang The function types listed here are tij same as those listed in the Math
an algebraic expression fg The function types listed here are tff same as those listed in the Math | column for standards-F-.4 and HF.6.
another, say whiclhas the | same as those listed in the Math| column for standards-A-.4 and HF.6.
larger maximum. column for standards-F.4 and HF.6.
Write a function that
Build a function describes a  relationshif
between two quantities. i) Tasks have a rewlorld context.| i) Tasks have a rewlorld context.
that models a S - . P . - A
. . i) Tasks are limited to linear functior] ii) Tasks may involve linear function
relationship FBF.la . - : . ) X ) . N
between  two a) Determine an explicit gnd e)_(ponentlal functions with domain| quad_ratlc functions, and exponentig
L expression, a recursivq{ in the integers. functions.
guantities
process, or steps for ¢
calculation from a context
i) Identifyirg the effect on the graph o
replacing f(x) by f(x) + k, k f(xf{kx), and
f(x+k) for specific values ok (both
Identify the effect on the positive and negative) is limited to lineg
graph of replacingf(x) by _a_md _qua_dratlc _ functions ) Tasks are limited to exponentia
f(x) + k, k f(x), f(kx)and i) Experimenting with cases an ; o
L . : - polynomial,logarithmic, and
f(x+k) for specific values of illustrating an explanation of the effés | | . . .
. . - . | trigonometric functions.
. k given the graphs| on the graph using technology is limitg . . .

Build new . . . . - . i) Tasks may involve recognizing ey
. Experiment with cases an to linear functions, quadratic functiong ;
functions from . - : and odd functions.

S FBF.3 illustrate an explanation of - square root functions, cube roQ
existing ; . . ) )
) the effects on the graph functions, piecewise@lefined functions . . . .
functions - : . . The function types listed in note (i) a
using technology. Include (including step functions and absolut . .
. : .| the same as those listed in the Math
recognizing even and od| value functions), and exponentig
- . - column for standards-F.4, AF.6, and
functions from their graphs functions.
. - . . FIF.9.
and algebraic expression iii) Tasks d not involve recognizing eve
for them. and odd functions.
The function types listed in note (ii) al
the same as those listed in the Math
and Math Il columns for standardslF.4,
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FIF.6, and #F.9.

Represent data on twg
quantitative variables on g
scatter plot, and describg

how the variables are
Summarize, related.
represent, and i) Tasks have realorld context. .
interpret data a) Fit a function to the data 1) Tasks have reaforld context.
on two | SID.6a use functions fitted to data| ii) Tasks are limited to linear functior| .. - . -
. : . . ) | i) Tasks are limited to quadrati
categorical and to solve problems in the and exponential functions with domain ;
o . A functions.
quantitative context of the data. Use in the integers.
variables given functions or choose i
function suggested by the
context. Emphasize lineat
quadratic, and exponentia|
models.
Explain why the X
coordinates of the points
where the graphs of the
equations y=f(x) and y=g(
intersect are the solutiong .
. _ 1) Tasks that assess concepty
of the equation f(x)=g(x)] . o
" ) understanding of the indicated concey
Represent and find the solutions . .
. . | may involve any of thdunction types
solve equations approximately, e.g., using . . . . )
mentioned in the standard excep i) Tasks may involve any of the functi
and A-REI11 technology to graph the . L . - - -
. " . | exponential and logarithmic functiong types mentioned in the standdr
inequalities functions, make tables o] ... = . .
. . . | ii) Finding the solutions approximately
graphically values, o find successivg . .
L limited to cases where f(x) and g(x) &
approximations. Include olvnomial
cases where f(x) and/or g(X poly ’
are linear, polynomial,
rational, absolute value|
exponential, and
logarithmic functions.
Interpret Fora_functl_o n that models ') Tasks have_ a realNQrId conte_xt. i) Tasks have a remlorld context.| i) Tasks have a rewlorld context.
functions  that a relationship between two| ii) Tasks are limited to linear function{ .’ - ) S . g
} - " ; . ii) Tasks are limited to quadratic an i) Tasks may involve polynomig
arise in guantities, interpret key| square root functions, cube rog . . o ) ) -
FIF.4 exponential functions.| logarithmic, and trigonometric functions

applications in
terms of the
context

features of graphs ang
tables in terms of the
quantities, and  sketch

graphs showing key

functions, piecewisalefined functions
(including step functions and absolut
value functions), and exponentig

functions with domains in the integerg

The function types listed here are f
same as those listed in the Math |

The function types listed here are t
same as those listed in the Math
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features given a verba
description of the of the
relationship. Key features
include; intercepts; intervalg
where the function is
increasing, decreasing
positive, or  negative;
relative maximums ang
minimum; symmetries; eng
behavior; and periodicity.

The function types listed here are tk
same as those listed in the Math
column for standards-F-.6 and HF.9.

column for standards-F-.6 and HF.9.

column for standards-F.6 and HF.9.

Relate the domain of &
function to its graph and,
where applicable, to the

i) Tasks have a realorld context.

Interpret quantitative relationship it i) Tasks are limited to linear function|
functions that describes.For example, ff . | i) Tasks have a rewlorld context.
. - . . square root functions, cube roQ
arise in the function h(n) gives the . . . ) .
o . | FIF.5 .| functions, piecewiselefined functions| .. . . -
applications in number of persoiours it | . . . ii) Tasks are limited to quadrati
.| (including step functions and absolut .
terms of the takes to assemble n engine : .| functions.
. value functions), =&d exponential
context in a factory, then the - . L :
R functions with domains in the integers.
positive integers wald be
an appropriate domain for,
the function.
i) Tasks have a rewlorld context.
i) Tasks are limited to linear function|
Calculate and interpret thg square root functions, cube roo| i) Tasks have a rewlorld context.| i) Tasks have a rewlorld context.
Interpret . . . . . 2 L . . . X
) average ate of change of g functions, piecewisedefined functions| ii) Tasks are limited to quadratic anl ii) Tasks may involve polynomig
functions that - ) . ) . ) o . . .
arise in function (presented| (including step functions and absolui exponential functions.| logarithmic, and trigonometric functions
applications in FIF.6 symbolically or as a table value functions), and exponentig
teF;lr)ns of the or a specified interval| functions with domains in the integerd The function types listed here are th The function types listed here are th
context Estimate the rate of changg same as those listed in the Math | same as those listed in the Math
from a graph. The function types listed here are tl| column for standards-F~.4 and HF.9. column for standards-F~.4 and HF.9.
same as those listed in the Math
column for standards-F.4 and #F.9
Graph functions expresseg
Analyze symbolically and show ke]
fqnctlons using| - 5. feature_s of the graph, by i) Tasks are limited to linefunctions. i) T_asks are limited to quadrati )
different hand in simple cases an functions.
representations using technology for morg
complicated  cases. '
a) Graph linear ang
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quadratic functions and
show intercepts, maxima
and minima.

Graph functions expresse|
symbolically and show ke]
features of the graph, by
hand in simple cases an
using technology for more

Analyze . i
functions using complicate cases. i) Tasks are limited to exponentig i) Tasks are limited to logarithmic an
; FIF.7e e) graph exponential ang - : . . :
different L . functions. trigonometric functions.
. logarithmic functions,
representations A
showing intercepts and en(
behavior, and
trigonometric  functions,
showing period, midline,
and amplitude.
Compare properties of twg i) Tasks have a realorld context.
functions each representeq ii) Tasks are limited to linear function|
in a different way| square root functions, cube roo| i) Tasks are limitedoton quadratic and| i) Tasks have a rewlorld context.
(algebraically, graphically functions, piecewiselefined functiors | exponential functions.| ii) Tasks may imlve polynomial,
Analyze . . - . . - L . - -
. . numerically in tables, or by (including step functions and absoluf ii) Tasks do not have a reabrld | logarithmic, and trigonometric functiong
functions using - : -
. FIF.9 verbal descriptions.) For | value functions), and exponentig context.
different . . . L . . .
representations example, given araph of | functions with domains in the integers. The function types listed here are th
P one quadratic function ang The function types listed here are tff same as those listed in the Math
an algebraic expression fg The function types listed here are tff same as those listed in the Math | column for standards-F-.4 and HF.6.
another, say which has th{ same as those listed in the Math | column for standards-F-.4 and HF.6.
larger maximum. column for standards-F.4 and HF.6.
Write a function that
Build a function describes a relationshif
between two quantities. i) Tasks have a rewlorld context.| i) Tasks have a rewlorld context.
that models a ! - . P . - A
. . ii) Tasks are limited to linear functior] ii) Tasks may involve linear function
relationship FBF.la . - . . . X . . N
between  two a) Determine an explicil gnd e)_(ponentlal functions with domain| quad‘ratlc functions, and exponentig
- expression, a recursiv{ in the integers. functions.
guantities )
process, or steps for ¢
calculation from a context
Build new Identify the effect on the i) Identifying the effect on the graph g i) Tasks are limited to exponentia
functions from FBF.3 graph of replacingf(x) by - replacing f(x) by f(x) + k, k f(f{kx), and | polynomial,logarithmic, and
f(x) + k, k f(x), f(kx)and f(x+k) for specific values ok (both | trigonometric functions.

existing

f(x+k) for specific values of

positive and negative) is lineid to linear

i) Tasks may involve recognizing ey
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functions k given the graphs| and quadratic functions| and odd functions.
Experiment with cases an| i) Experimenting with cases an
illustrate an explanation of illustrating an explanation of the effectl The function types listed in note (i) a
the effects on the graph on the graph using technology is limitg the same aghose listed in the Math Il
using technology. Incude to linear functions, quadratic functiong column for standards-F.4, AF.6, and
recognizing even and od| square root functions, cube roo| FIF.9.
functions from their graphs functions, piecewiselefined functions
and algebraic expression (including step functions and absolut
for them. value functions), and exponentig
functions.
iii) Tasks do not involve recognizing eV
and odd functions.
The function types listed in note (ii) a
the same as those listed in the Math
and Math Il olumns for standards-F.4,
FIF.6, and fF.9.
Represent data on twg
quantitative variables on ¢
scatter plot, and describg
how the variables are
Summarize, related.
represent, and i) Tasks have reatorld context. .
interpret  data a) Fit a function to the data ) Tasks have reaforld context.
on two | SID.6a use functions fitted to data| ii) Tasks are limited to linear functior| .. . . -
categorical and to solve problems in thg and exponential functions with domain i) Tasks are limited to  quadrati
o . . functions.
quantitative context of the data. Usg in the integers.
variables given functions or choose i
function suggested by the
context. Emphasize lineat
quadratic, and exponentia|
models.
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HIGHSCHOOISTANDARDANALYSISGENERAANALYSIS

The following discussion is a general analysis of the high school standards that bears on all course and is
independent of any particular organization of the standards into courses.

Examples of Opportunities for Connections among Standards, Clusters, Domains

or Conceptual Categories
i The standards identify a number of connections among conceptual categories.

o Connections among Algebra, Functioaad Modeling Expressions can define fttions;
determining an output value for a particular input sometimes involves evaluating an
expression. Equivalent expressions on the same domain define the same function. Asking
when two different functions have the same value for the same input leadstequation
(e.g., for whatx doesx® = X + 5?); graphing the two functions allows for finding
approximate solutions of the equation. Converting a verbal description to an equation,
inequality, or system of these is an essential skill in modeling. Bec&wsetions often
describe relationships among quantities, they are frequently used in modeling. Sometimes
functions are defined by a recursive process, which can be modeled effectively using a
spreadsheet or other technology.

o Connections between Geometnnda Algebra The correspondence between numerical
coordinates and geometric points allows methods from algebra to be applied to geometry
and vice versa. The solution set of an equation becomes a geometric curve, making
visualization a tool for doing and uarstanding algebra. Geometric shapes can be described
by equations, making algebraic manipulation a tool for geometric understanding, modeling
and proof. Geometric transformations provide examples of how the notion of function can
be used in geometric coexts; conversely, the effect of replacing f(x)ft)) + k, k f(x), f(kx)
andf(x + k) for specific positive and negative values of k can be interpreted geometrically in
terms of transformations on the graphs of the functions.

0 Connections amon§tatistics, Functions and Modelingunctions may be used to describe
data; if the data suggest a linear relationship, the relationship can be modeled with a
regression line, and its strength and direction can be expressed through a correlation
coefficient

1 The standards also identify a number of connections among standards, clastidemains.

0 Connections among standards within Algebra and Functidrsplid understanding of the
correspondence between an equation in two variables and its Cartesian gsapimne
underpinning for the techniques for graphing lines and quadratics, and it helps students
dzy RSNARGFYR ¢KIG Aa YSIEyd o0& GKS G3INILK 27F |
functions helps students interpret these same objects.



0 Connections amongtandards within Geometrylhe progression from congruence to area
to similarity can be used to put each of these topics on a logical footing: The basic
assumptions that congruent figures have the same area and that area is invariant under
finite dissectim bring coherence to the formulas for calculating areas of polygonal regions.
These formulas, along with results such as the fact that triangles with equal bases and
heights have the same area, can be used to prove properties of dilations and similduety. T
triangle similarity criteria are necessary to develop the trigonometry of right triangles.

0 Connections among standards within Statistics and Probability and Fun@&tody. of linear
associations in statistics and probabili#D.6c,7) builds on stRSy 14 Q dzy RSNRE G Y F
linear relationships of. FLE.1).Exploration of quadratic relationships in data on two
measurement variablesS(D.6 depends on understanding key features of a quadratic
function and being able to interpret them in terms ofantext IF.4.

Examples of Opportunities for Connecting Mathematical Content and

Mathematical Practices

1 When students use algebra and functions to model a situation, the symbolic calculations they
use and the conclusions they draw from those calculatiare examples of decontextualizing
and contextualizing (reasoning abstractly and quantitativélip.2. For example, students
looking for a general method of comparing two rate plans with different rates and startup costs
(R. = ax+b, R, = cx+d) might find the crossover point by working symbolically to solve the
equation ax+b = cx+d, obtaining the formal solutioXcessover= (4 = B)/(a- ). Still thinking
symbolically, students can notice that the expression X@dssoveriS Undefined whena = c.
Returning to the context, students can see that this makes ségerate plans with the same
rate never cross; the better plan in this case is always the one with the lower startup cost.
Returning again to the symbolic equation, students can see thid case of equal rates £
), the equation for the crossover point reduceshte d, an equation that is true for akif and
2yte AF GKS (g2 LAXFya KIFI@S GKS alFyYS &adl Nhdz) O2

1 When students transform expressiomsirposefully, they are looking for and making use of
structure MP.7).

1 When modeling a situation, studentsften can get started by working repetitively with
numerical examples and then look for and express regularity in that repeated reasoning by
writing equations or functionsMP.8).

9 Throughout high school, students construct viable arguments and critique the reasoning of
others MP.3. As in geometry, important questions in advanced algebra cannot be answered
definitively by checking evidence. Resultzoat all objects of a certain type the factor
theorem for polynomials, for exampie require general arguments. And deciding whether two
functions are equal on an infinite set cannot be settled by looking at tables or graphs; it requires
a deeper argumemn

1 Capturing a situation with precise languad#R.6 can be a critical step toward modeling that
situation mathematically. For example, when investigating loan payments, if students can
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are well along a path that will let them construct a recursively defined function for calculating

loan payments.

1 There are many opportities in high school to use appropriate tools strategicdifr (5. For
example

0 Students might use graphing calculators or software to gain understanding of the important
fact that the graph of an equation in two variables often forms a curve (which duaulal
line) A-REI.1D Students might also use graphing calculators and/or graphing software to
gain understanding of the important technique of looking for solutions to equations of the
form f(x) = g(x) by graphing the solutions of the equations y =affd) y = g(x) in the
coordinate plane and looking for intersections of the graph&EIl.1)

0 Students might use graphing calculators or software to experiment with cases of replacing a
function f(x) by f(x) + k, k f(x), f(kamd f(x + k) for specific pis/e and negative values of k
(FBF.3.

0 Students might use spreadsheets or similar technology in modeling situations to compute
and display recursively defined functions (e.g., a function that gives the baBnce a
credit card aftern months given theinterest rate, starting balancand regular monthly
payment) &BF.1a; £.B.

0 Students might use a computer algebra system to transform or experiment with algebraic
expressiongA-APR.§.

0 When making mathematical models, technology is valuable for vargsgumptions,
exploring consequencesand comparing predictions with data (Common Core State
Standards, age72).

0 Technology is usually necessary to work effectively with large data sets or with simulations
having many iterations.

As studentgprogress in mathematics, they learn techniques that are valuable in a variety of settings. For
SEFYLX SZ GKS ljdzZtk RN GAO F2N¥dzE I A& | G22t Ay (KS
of instruction in itself. From then on, it is readdlyailable to the student for use in applications or in
reasoning about quadratic equations.

Qx



PARCMODEICONTENFRAMEWORKESORMATHEMATICS
ADDITIONAINOTE ONVIODELINGMP.4)

Modeling is a conceptual category in high schoalgs72 and 73 of CommonCore State Standards for
Mathematic9 as well as a practice standatdF.4). The practice standard for modeling reads in part as
follows:

In early grades, this might be as simple as writing an addition equation to describe a situation. In
middle grades, atudent might apply proportional reasoning to plan a school event or analyze a
problem in the community. By high school, a student might use geometry to solve a design problem
or use a function to describe how one quantity of interest depends on another.

According to this description, numerical or algebraic word problems can be considered modeling tasks
when the emphasis is on using mathematics to understand or reason about the context. However, the
guoted text also describes an arc across the grades. @uniddle grades and certainly by high school,
tasks with a strong modeling component will have more of the hallmarks that are described on pages 72
and 73 of the standards, such as a need to attend to issues of precision, a need to select relevant
variables, engagement in the steps in the modeling cycle or opportunities to use technology.
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APPENDIA: LASTINGACHIEVEMENTS K¢8°°

Most of the K8 content standards trace explicit steps AB- C in a progression. This can sometimes
make it seem as if anywgn standard exists only for the sake of the next one in the progression. There
are, however, culminating or capstone standards (sometimesdaéllLJA Yy Yy ¢ @dsSof them in the
middle gradeg; that remain important far beyond the particular grade Iewe which they appear. This

is signaled in thetandards themselves gge84):

The evidence concerning college and career readiness shows clearly that the knowledge, skills, and
practices important for readiness include a great deal of mathematics prior to the boundary defined
by (+) symboils in these standards. Indeed, some of tjinesii priority content for college and career
readiness comes frogrades &8. This body of material includes powerfully useful proficiencies such
as applying ratio reasoning in reabrld and mathematical problems, computing fluently with
positive and negtive fractions and decimals, and solving realrld and mathematical problems
involving angle measure, area, surface area, and volume. Because important standards for college
and career readiness are distributed across grades and courses, systemsuatirayalollege and

career readiness should reach as far back in the standardgsadss 68. It is important to note as

well that cut scores or other information generated by assessment systems for college and career
readiness should be developed in cali@ion with representatives from higher education and
workforce development programs, and should be validated by subsequent performance of students
in college and the workforce.

One example of a standard that refers to skills that remain important welbihé middle school is
7.EE.3:

Solvemultistep reallife and mathematical problems posed with positive and negative rational
numbers in any form (whole numbers, fractions, and decimals), using tools strategically. Apply
properties of operations to calculateith numbers in any form; convert between forms as
appropriate; and assess the reasonableness of answers using mental computation and estimation
strategies. For example: If a woman making $25 an hour gets a 10% raise, she will make an
additional 1/10 of ler salary an hour, or $2.50, for a new salary of $27.50. If you want to place a
towel bar 9 3/4 inches long in the center of a door that is 27 1/2 inches wide, you will need to place
the bar about 9 inches from each edge; this estimate can be used asck dmethe exact
computation.

Other lasting achievements from&would include working with proportional relationships and unit
rates (6.RP.3; 7.RP.2); working with percentages (6.RP.3e; 7.RP.3); and working with area, surface
areg andvolume (7.G.46).

As indicated in the quotation from thg&andards, skills like these are crucial tools for college, work and
life. They are not meant to gather dust during high school but are meant to be applied in increasingly
flexible ways, for example to meet the higchool standards for Modeling. The illustration below shows
how these skills fit in with both the learning progressions in th8 &tandardsandthe demands of the

high school standards and readiness for careers and a wide range of college majors.

3 Excerptedrom http://commoncoretools.wordpress.com/2011/06/15/essdoy-jasonzimbaon-pinnaclestandards/



Work and Life

Increasing
sophistication
in applying,
modeling,

and combining
with other tools

Postsecondary Education and Training

High School

Middle School
Converging
trajectories of
learning,
reasoning, and
practicing
Elementary School

Primary School

As fiown in the figure, standards like 7.EE.3 are best thought of as descriptions of component skills that
will be applied flexibly during high school in tandem with others in the course of modeling tasks and
other substantial applications. This aligns witle themands of postsecondary education for careers and

for a wide range of college majors. Thus, when students work with these skills in high school, they are
not working below grade levehor are they reviewing. Applying securely held mathematics to epen
ended problems and applications isigherorder skill valued by colleges and employers alike.
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APPENDIB: STARTINGOINTS FORRANSITION TO TKBDMMONCGORESTATESTANDARDS

Identified in this section are a few particularly riaheasof mathematical contenthat can be used by
assessment designers, teachers, principals, state and district staff members, and teacher educators as
starting points to coordinate and concentrate efforts to transition to ®@mmon Core Statdeéhdards

Spedal attention should be givento how well current materials treat these areafrganizing
implementation work according to progressioissrecommendedecause the instructional approach to

any given topic should be informed by its place in an overall dbideas Many of these same areas are

the focus of the item prototyping currently under way as part of the development of the PARCC
Assessment System.

Please note that particular mathematical practices with which to begin are not listed because doing so

may unintentionally lead to a misunderstanding of the nature of mathematical practice itself. The
mathematical practices areeither a to-do list nor like filing cabinetsito whichone can sort behaviors.

When a student working on a realorld geometry prbdlem in class questions whether another
a0dzZRSyidQa RNIgAy3a Aa LINBOAAS Sy2dAKI GKS ljdzSadAizy
mention communication and argument. In short, a single classroom question or behavior might reflect
several pactices at once.

The following suggestions are not meant to reorganize dfamdards into a new structure. In fact, a
glance will show that the list is incomplete. By providing a focused |stigifestedstarting points, the
risk of taking on too much @ndoing none of it well is minimized.

1 Counting and Cardinality and Operations and Algebraic Thinkpagticularly in the
development of an understanding of quantitgrades K2.

1 Operations and Algebraic Thinking: multiplication and division in gra@esr&cing the evolving
meaning of multiplicationfrom equal groups and array/area thinking in grade 3 td al
multiplication situations in gade 4 (including multiplicative comparisons) and from whole
numbers in grade 3 to decimals and fractions in gradasd6.

1 Number and Operations Base Tenaddition and subtraction in grades4l

1 Number and Operation; Base Tenmultiplication and division in grades&3

=

Number and Operationg Fractions:fraction addition and subtraction in grades54 including
relateddevelopment of fraction equivalence in grades.3

Number and Operations Fractionsfraction multiplication and division in gradess4
The Number System: grades/6

Expressions and Equations: grade®, éhcluding how this extends prior workanthmetic.

= = =4 =4

Ratio and Proportional Reasoning: its development in gradésit® relationship to functional
thinking in grades {8, and its connection to lines and linear equations in grade 8

1 Geometry: work with the coordinate plane in gradeg85 includng connections to ratio,



proportion, algebraandfunctions in grade6-high school.

1 Geometry: congruence and similarity of figures in gsa8lghigh schoqglwith emphasis on real
world and mathematical problems involving scales and connections to ratiprapartion.

1 Modeling focused onequations and inequalitiegn high school,development from simple
modeling tasks such as word problems to rigimeore openended modeling tasks

1 Seeing Structure in Expressiorilom expressions appropriate tgrades & to expressions
appropriate togrades 1611.

i Statistics and Probability: comparing populations and drawing inferences in grabieg 6
school.

1 Units as a crossutting theme in the areas of measurement, geometric measurement,-tease
arithmetic, unitfractions andfraction arithmetic, including the role of the number line

Many of thesestressed areasare f A { St & (2 0SS 3f2ath&K aedg Mithe a aaz2
curriculune T yet the standardsrequire more.As noted in the standards, these or amgntent areas
are best approached in the ways envisioned by the Standards for Mathematical Practloereason
for greater focus is to give students and teachers more timgme to discuss, reason with, reflect upon
and practice mathematicsTheseidentified areas of mathematicare sufficiently rich to allow the
mathematical practices to come alive.

The standards are a challenging vision for higher mathematics performance. By suggesting starting
points,the aim isin part to definesomecontent boundaresto help focus the innovation in the creation
of new materials and to drive innovation in assessment items.



APPENDIXC: RATIONALE FOR THERADES3C8 AND HIGH SCHOOLCONTENTEVIPHASES BY
QLUSTER

A close reading of the standards turns up many surfeeéures and concrete details that speak to the
a0FyRINRAEQ SYLKIFaSaed ¢KSasS FSIGdz2NBa FyR RSGFAT A
designed to foster greater focus and coherence in mathematics instruction. For example:

The contentdomains vay from grade to gradeThis is perhaps the most obvious structural feature of

the content standards. Traditionally, state standards for mathematics have been organized into content
strands that are worded identically for every grad® Kf not k12). By ontrast, the content domains in
Common Core State Standards vary. This communicates immediately that content emphases shift across
the grade bands.

Some content domains are more specific than the traditional content strands.

1 Number and Operations in Ba3&n(NBT)Number and Operations Fractions(NF) and The
Number SysteniNS)are all toplevel domans. Traditionally, these are often substrands within a
larger category such as Number and Operations.

1 Expressions and Equations (EE) and Functions (R)o#inetop-level domains. Traditionally,
these have both belonged to a larger category such as Patterns, Funetimh&lgebra. Ratios
and Proportional Relationships is a tlgvel domain in middle school, whereas this work is
usually categorized under Paths, Functions and Algebra (or under several strands).

Domain names with greater specificity tend to concentrate attention more directly on the priorities of
the grade. In the rare case when a state has set priorities, it has been done using framirzgtarore
is a quote from the 200Massachusetts Mathematics Curriculum Framework

Mathematics in the middle school centers on understanding and computing with rational numbers,
and on the study of ratio and proportion (what they are and how they are tossalve problems)

This language states with admirable clarity two of the main priorities for middle school. However, those
two priorities are not major headings in the framework itselfso it is easy for them to become lost in

the list of discrete gradéevel requirements. By contrast, the Common Core State Standards make both
of these priorities inescapable using the tgyel domain structure (NS and RP).

Some domains areot more specific than the traditional strandShe grades 48 domains of Geomeyr

(G), Measurement and Data (MD), and Statistics and Probability (SP) are no more specific than usual. To
the extent that greater specificity in televel categories suggests greater concentration and emphasis,
generality in toplevel categories suggestsraparatively less concentration and emphasis.

Arithmetic accounts for more than three out of five domains in gradés K the traditional picture of
content strands, at most two of four strands involve substantial work in arithmetic in early grades:
Number and Operations and, to a lesser extent, Algebra. That would tend to suggest that arithmetic in
early grades is no more important than the rest of what happens in mathematics in early grades
perhaps even less important, as the Algebra strand traditignacludes a great deal of work outside of



arithmetic (e.g., work in extending patterns). But in the early grades of the Common Core State
Standards, three out of five domains are almost wholly concerned with arithifieFieus, arithmetic is
immediatelypositioned as a supermajority of instruction at the top level of the content organization.

Work in_other K5 domains also supports arithmetiéurther indications of the strong focus on
arithmetic can be seen not only in the obvious domain€afinting andCardinality CG, Qperations and
Algebraic Thinking (OANBT and NF but also in other domains. For example, standards relating to area
and volume explicitly refer to addition, multiplicatiaand their properties (se€3.MD.7 and 5.MD.5.

Also, standarddor data representation contain a number of explicit references to major themes in
arithmetic. For example, standag&iMD.10reads:

Draw a picture graph and a bar graph (with sirglet scale) to represent a data set with up to four
categories. Solve simig puttogether, takeapart, and compare problemsising information
presented in a bar graph.

The explicit mention of specific, grad@propriate word problems is not typical of traditional state
standards belonging to the Statistics, Data Analyaisl Pobability strand. ThaR.MD.10does make

such explicit references means that it would dsubstantial misinterpretation of this standard to say
aAvyLie dGKFdG AG Aa alF adkyREFNR o2dzi LAOGdzZNE 3INI LK
to be known. Rather, this standard orients picture graphs and bar graphs toward the major work of
grade2. (See Table 1 of tHerogressiorior K-3 Categorical Data and;2 Measurement Data for further
connections of this kind.)

As another example, the wordattern first appears in the content standards in grade 3 with standard
3.0A.9

Identify arithmetic patterns (including patterns in thaddition table or multiplication table), and
explain them usingroperties of operations

The termsarithmetic, addition, multiplication and properties of operationslo not typically appear in

adlrasS adlyRIFENRa GKFG FNB dal 02dzi LI 30ADMakesdta ¢ KI G
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such standards have come to be known. Rather, the standard directs patterns toward the larger
purposes of theDAdomain. The worgattern also appears in th&tandards for MthematicalPractice

(MP.7), and just as witi3.0A.9 every exam@ given in the practice standard again portrays patterns

* The termarithmeticis not being used here to meawmputation of sums, differences, products and quotients. That is one

important part of arithmetic. But arithmetic in the standards is a large and rich subject that equally involves conceptual
understanding procedural skill and fluency, and problem solving with the basic operations. Moreover, the standards
progressions in arithmetic are crafted in such a way as to build a sturdy foundation for algebra in middle school. From the
&Progression in Operations @\lgebraic ThinkifgMay 29, 2011draft, pageH VY G ¢ KS t NRB3INBaaA2y Ay hLISN
Thinking deals with the basic operatianthe kinds of quantitative relationships they model and consequently the kinds of

problems they can be used to solve well as their mathematical properties and relationships. Although most of the standards

organized under the OA heading involve whole numbers, the importance of the Progression is much more general because it
describes concepts, properties, and represdiotas that extend to other number systems, to measures, and to algebra. For

example, if the mass of the sun is x kilograms, and the mass of the rest of the solar system is y kilograms, then thiaenass of

solar system as a whole is the sumykilograme® Ly (GKA& SEIFYLI S 2F | RRAGAGS NBlFazyAyas
whole numbers, fractions, decimals, or even variables. Likewise, a property such as distributivity holds for all the number
systems that students will study in1R, including® YLX SE y dzYo SN& ®¢



(and more generally structure) being put to some use, instead of forming a separate object of study that
detracts from focus.

Some clustersre explicitly connected to others; some clusters stand enaltone Some clusters in any
given grade naturally stand somewhat apart from others. Examples of these would include:

1 Many Geometry clusters, such as those relating to hierarchies of shapes, congroiesiceilar
subjects. These are typically connectearm weakly to arithmetic clusters than arithmetic
clusters are connected to each other.

T ¢KS TFTANRBG OfdzaliSNI AY cod{tX a5S@St2L) dzy RSNRGI Y
the standards the statistical notions of variability and distribnticenter and spread. These
are, strictly speaking, not mathematical ide3sp it is natural that they do not connect tightly
to, say, applying properties of operations to generate equivalent expressions.

1 The Statistics and Probability clusters in 7v@®ch introduce into the standards the notions of
randomness, probability, random sampling and comparison of populations.

This is not to say that one might not devise connections to these clusters, if desired; rather it is to say
that in other cases, conméions are explicit and unavoidable in the standards. For example, 6.EE.9 ties
its cluster explicitly to 6.RP; 7.G.1 ties its cluster explicitly to 7.RP; and 8.SP.3 ties its cluster explicitly to
8.F.

A close reading of thBrogressionsilso turns up somsurface features and concrete details that shed
light on some emphases in the standards. Some clusters receive more extensive discussion than others.
For example, consider the three clusters in grade 4 OA:

Use the four operations with whole numbers to savroblems
Gain familiarity with factors and multiples
Generate and analyze patterns

{dFYRFNR& FNB y20 OGNXYRAGAZ2YIEf& GNARGOSY |G ddzyA T2
things are quick to state but take a long time in the classroom; others take many words to describe but

are simpler to address instructionally. One niiglave inferred that each of these three clusters was

intended to have equal emphasis at grade 4. However, a careful reading of the full body of OA standards
dispels this notion. So does even a superficial reading oPtbgressiorior OA. There, for inance, we

find that:

1 Three times as many references are made to standards in the first cluster as are made to
standards in the next two clusters combined1(@);

% From the Gidelines for Assessment and Introduction in Statistics Education proj@tLJ2 NI s aS0GA 2y 2y da¢K
0SG6SSy {GlIdrAatACGgecNyR! alvli REXWI 2H@EDHABS 2F &0 A atisthic®da SRdAzOF
thinking. Statistical thinking, in large part, must deal with this omnipresence of variability; statistical problem solding a

decision making depend on understanding, explair@nd quantifying the variability in the data. It is this focus @rigbility in
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9 Four additional references are made to standards in other domains that connect directly to
standards in the first cluster, while no such additional references are made in either of the next
two clusters (40-0);

1 More words are used to explain the standards in the first cluster than are used to explain the
standards in the next two clusters combinehd

1 Both of the illustrative problems provided in the margin relate directly to the first cluster, while
no effort was expended on providing illustrative problems that relate directly to either of the
next two clusters.

These visible detaifs any of whch, in principlemight have gone the other way begin to reveal the
relative emphases in the standards.



APPENDIX: CONSIDERATIONS FGBLLEGE ANCAREEREADINESS

For this draft of the Model Content Frameworks cludtarel emphases have been progiito help
ensure that implementation efforts preserve the focus and coherence of the standards. General
guidance is provided in this appendix about these emphases in relation to college and career readiness.

What percentage of mathematics educators reported that their Surveys have ShO\_Nn re_peatedly that hlgh
students are prepared for college-level work in mathematics? school mathematics instructors and
postsecondary mathematics instructors
100% 9% tend to differ in their views about the
importance of particular knowledge and
skills as prerequisites for success in entry
level, creditbearing college mathematics
courses (ACT 2006, 2009 When

80%

60%

40% postsecondary instructors in these
26% surveys are asked to rate the importance

20% of various mathematics topics to college
readiness, they tend to make sharper

0% distinctions than do high school
instructors. Postsecondary instructors in
these surveys tendo value mastery of

fundamentals over broad topic coverage.

High School Mathematics Instructors  Postsecondary Mathematics Instructers

Source: ACT National Curdculam Survey 2009, Appendix B, Tables B.8 and B.9, page 43
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stakeholders. In those discussions, postsecondary instructors have stressed the importance of deeper
learning of fundamental mathematics. That includes being able to approach problems in the ways
described in the Standards for Mathematical Practice. Postsecondary instructors also stressed the
importance of being able to solve complex problems using securely kmeldledge and skills. The

ability to flexibly apply what one already knows to a nonroutine or complex problem is an important

aspect of readiness for college and careérs. f 1 K2 dzZ3K t! w/ / Qa &Gl 1SK2ft RSN
themselves have the scientific weigof a welldesigned national survey, it is reassuring to see the same

themes reinforced in both settings.

Educators in high school can help bridge this gap. To that end, educators can devote particular energy to
the following aspects of the standards, ish play a prominent role in college and career readiness:

 The Standards for Mathematical Practice, viewed in connection with mathematical content.

1 Modeling and rich applications (see pages 72 and 73 in the standards), which can be integrated
into mathemaitcs curriculum, instructiorand assessment.

o Note in particular the standards in high school marked with a star symboStar symbols
identify potential opportunities to integrate content with the modeling practice.

o0 Note also that modeling is a sophisticated practice; this means that modeling and other
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complex tasks will naturally draw upon securely held knowledge and skills. Many tasks in
high school will demand flexible application of content knowledge first gamegdades 8
to solve complex problems. (See page 84 of the standards.)

1 The following particular clusters of high school standards, which have wide relevance as
prerequisites for a range of postsecondary college and career pathways:

(0]

Number and Quantity: @antities:

A Reason quantitatively and use units to solve problems.

Number and Quantity: The Real Number System:

A Extend the properties of exponents to rational exponents.

A Use properties of rational and irrational numbers.

Algebra: Seeing Structure lixpressions:

A Interpret the structure of expressions.

A Write expressions in equivalent forms to solve problems.
Algebra: Arithmetic with Polynomials and Rational Expressions:

A Perform arithmetic operations on polynomials.

Algebra: Creating Equations:

A Create guations that describe numbers or relationships.
Algebra: Reasoning with Equations and Inequalities:

A Understand solving equations as a process of reasoning and explain the reasoning.
A Solve equations and inequalities in one variable.

A Represent and solve egtions and inequalities graphically.
Functions: Interpreting Functions:

A Understand the concept of a function and use function notation.
A Analyze functions using different representations.

A Interpret functions that arise in applications in terms of a context.
Functions: Building Functions:

A Build a function that models a relationship between two quantities.

Geometry: Congruence:



A Prove geometric theorems.
o Statistics and Probability: Interpreting Categorical and Quantitative Data:
A Summarize, represenpand interpret data on a single count or measurement variable.

PARCC will be creating a portfolio of assessments for high school courses. Student scores from these
assessments will contribute to an overall determination of college and career readinedsforali
informing postsecondary educational decisions regarding placement into dyeditng coursework. The

overall determination will respond to evidence about college and career readiness by addressing
mastery of fundamentals as well as the ability tdveocomplex problems by applying securely held
knowledge and skills.

In the best view, the collegeand careefready line in the standards can be seen as a milepost, not a
finish line; it is a line best crossed with velocity. In particular, students wkhb i pursuescience,
technology, engineering or mathematicsajors, or who wish to do collegevel work in high school
such as Avanced Placementr International Baccalaureateourses, must progress well beyond the
initial threshold of college and caregeadiness as defined by the standards.



